ISSN 1080-6040 





r ^ PO 3 
^ Z Z 
«D C — I 

■ I is 


o 

so 


o 

Os 


fO 

a 

CO 



EMERGING 
INFECTIOUS DISEASES 


® 


June 2013 


The SARS Experience 



James Bareness {b. 1 954) My Valley (2003-2005) acrylic, ink on paper mounted on convos (1 257 cm x 1 71 .5 cm) Copyright courtesy of the artist and George Adams Gallery, New York 




Peer-Reviewed Journal Tracking and Analyzing Disease Trends 


pages 853-1040 


EMERGING 

INFECTIOUS DISEASES* 

EDITOR-IN-CHIEF 
D. Peter Drotman 


Managing Senior Editor 

Polyxeni Potter, Atlanta, Georgia, USA 

Associate Editors 

Paul Arguin, Atlanta, Georgia, USA 

Charles Ben Beard, Ft. Collins, Colorado, USA 

Ermias Belay, Atlanta, Georgia, USA 

David Bell, Atlanta, Georgia, USA 

Sharon Bloom, Atlanta, GA, USA 

Mary Brandt, Atlanta, Georgia, USA 

Come Brown, Athens, Georgia, USA 

Charles H. Calisher, Ft. Collins, Colorado, USA 

Michel Drancourt, Marseille, France 

Paul V. Effler, Perth, Australia 

David Freedman, Birmingham, Alabama, USA 

Peter Gemer-Smidt, Atlanta, Georgia, USA 

Stephen Hadler, Atlanta, Georgia, USA 

Nina Marano, Atlanta, Georgia, USA 

Martin L Meltzer, Atlanta, Georgia, USA 

David Morens, Bethesda, Maryland, USA 

J. Glenn Morris, Gainesville, Florida, USA 

Patrice Nordmann, Paris, France 

Tanja Popovic, Atlanta, Georgia, USA 

Didier Raoult, Marseille, France 

Pierre Rollin, Atlanta, Georgia, USA 

Ronald M. Rosenberg, Fort Collins, Colorado, USA 

Dixie E. Snider, Atlanta, Georgia, USA 

Frank Sorvillo, Los Angeles, California, USA 

David Walker, Galveston, Texas, USA 

J. Todd Weber, Atlanta, Georgia, USA 

Founding Editor 

Joseph E. McDade, Rome, Georgia, USA 

Senior Associate Editor, Emeritus 

Brian W.J. Mahy, Bury St. Edmunds, Suffolk, UK 

Copy Editors Claudia Chesley, Karen Foster, Thomas Gryczan, 

Jean Michaels Jones, Shannon O’Connor, Carol Snarey, 

P. Lynne Stockton 

Production Alicia Scarborough, Barbara Segal, Reginald Tucker 
Editorial Assistant Tracey Hodges 
Communications/Social Media Sarah Logan Gregory 

Emerging Infectious Diseases is published monthly by the Centers for Disease 
Control and Prevention, 1600 Clifton Road, Mailstop D61, Atlanta, GA 30333, 
USA. Telephone 404-639-1960, fax 404-639-1954, email eideditor@cdc.gov. 

The opinions expressed by authors contributing to this journal do not neces- 
sarily reflect the opinions of the Centers for Disease Control and Prevention or 
the institutions with which the authors are affiliated. 

All material published in Emerging Infectious Diseases is in the public do- 
main and may be used and reprinted without special permission; proper citation, 
however, is required. 

Use of trade names is for identification only and does not imply endorsement 
by the Public Health Service or by the U.S. Department of Health and Human 
Services. 


EDITORIAL BOARD 

Dennis Alexander, Addlestone, Surrey, UK 

Timothy Barrett, Atlanta, Georgia, USA 

Barry J. Beaty, Ft. Collins, Colorado, USA 

Martin J. Blaser, New York, New York, USA 

Christopher Braden, Atlanta, Georgia, USA 

Arturo Casadevall, New York, New York, USA 

Kenneth C. Castro, Atlanta, Georgia, USA 

Louisa Chapman, Atlanta, Georgia, USA 

Thomas Cleary, Houston, Texas, USA 

Vincent Deubel, Shanghai, China 

Ed Eitzen, Washington, DC, USA 

Daniel Feikin, Baltimore, Maryland, USA 

Anthony Fiore, Atlanta, Georgia, USA 

Kathleen Gensheimer, Cambridge, Massachusetts, USA 

Duane J. Gubler, Singapore 

Richard L. Guerrant, Charlottesville, Virginia, USA 

Scott Halstead, Arlington, Virginia, USA 

Katrina Hedberg, Portland, Oregon, USA 

David L. Heymann, London, UK 

Charles King, Cleveland, Ohio, USA 

Keith Klugman, Seattle, Washington, USA 

Takeshi Kurata, Tokyo, Japan 

S.K. Lam, Kuala Lumpur, Malaysia 

Stuart Levy, Boston, Massachusetts, USA 

John S. MacKenzie, Perth, Australia 

Marian McDonald, Atlanta, Georgia, USA 

John E. McGowan, Jr., Atlanta, Georgia, USA 

Tom Marrie, Halifax, Nova Scotia, Canada 

Philip P. Mortimer, London, UK 

Fred A. Murphy, Galveston, Texas, USA 

Barbara E. Murray, Houston, Texas, USA 

P. Keith Murray, Geelong, Australia 

Stephen M. Ostroff, Harrisburg, Pennsylvania, USA 

Richard Platt, Boston, Massachusetts, USA 

Gabriel Rabinovich, Buenos Aires, Argentina 

Mario Raviglione, Geneva, Switzerland 

David Reiman, Palo Alto, California, USA 

Connie Schmaljohn, Frederick, Maryland, USA 

Tom Schwan, Hamilton, Montana, USA 

Ira Schwartz, Valhalla, New York, USA 

Tom Shinnick, Atlanta, Georgia, USA 

Bonnie Smoak, Bethesda, Maryland, USA 

Rosemary Soave, New York, New York, USA 

P. Frederick Sparling, Chapel Hill, North Carolina, USA 

Robert Swanepoel, Pretoria, South Africa 

Phillip Tarr, St. Louis, Missouri, USA 

Timothy Tucker, Cape Town, South Africa 

Elaine Tuomanen, Memphis, Tennessee, USA 

John Ward, Atlanta, Georgia, USA 

Mary E. Wilson, Cambridge, Massachusetts, USA 

00 Emerging Infectious Diseases is printed on acid-free paper that meets the requirements 
of ANSI/NISO 239.48-1992 (Permanence of Paper) 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 



EMERGING 

INFEGIOUS DISEASES 

June 2013 



On the Cover 

James Barsness 
(b. 1954) 

My Valley (2003-2005) 

Acrylic, ink on paper mounted 
on canvas (125.7 cm x 171.5 cm) 

Copyright courtesy of the artist and 
George Adams Gaiiery, New York 

About the Cover p. 1036 



Perspectives 


Prospects for Emerging Infections in 
East and Southeast Asia 10 Years 
after SARS 853 

P.W. Horby et al. 

Capacities for predicting, identifying, and 
controlling biological threats must not stagnate. 

Public Health Lessons from 

SARS a Decade Later 861 

J.P. Koplan et al. 

National public health institutes have long-term 
value during disease outbreaks. 

Synopses 



p. 855 


Progress in Global Surveillance 

and Response Capacity 10 Years 

after SARS 864 

C.R. Braden et al. 

Global surveillance and response capacity has 

improved, but important gaps persist, 

and microbial threats remain. P- 


New Delhi Metallo-p-Lactamase- 
producing Enterobacteriaceae, 
United States 

J.K. Rasheed et al. 

Isolates comprise a diversity of bacterial 
species, plasmid types, and NDM alleles. 



Pandemic Influenza Planning, 

United States, 1978-2008 879 

J. Iskander et al. 

Benefits from pandemic planning preparedness 
will enhance our collective public health 
response to the next infectious disease crisis. 

Cell Culture and Electron Microscopy 
for Identifying Viruses in Diseases of 
Unknown Cause 886 

C.S. Goldsmith et al. 

Rapid identification of causative agents of viral 
diseases is imperative. 


Medscape 

EDUCATION* 

ACTIVITY 



Iatrogenic Blood-borne 
Viral Infections in Refugee 
Children from War and 
Transition Zones 892 


RN. Goldwater 


Incidence is unknown because modes of 
transmission of individual cases is difficult 
to document. 


Zoonotic Mycobacterium bov/s-induced 
Tuberculosis in Humans 899 

B. Muller et al. 

A systematic review suggests worldwide low 
incidence but reveals elevated effects among 
some populations. 

Research 


Group A Streptococcus Strains 
Circulating during Scarlet Fever 
Epidemic, Beijing, China, 2011 909 

P. Yang et al. 

Wider surveillance is warranted to monitor 
possible spread of the predominant strain type, 
emm^2, to other countries. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


Transmission Potential of Rift Valley 
Fever Virus over Course of the 201 0 
Epidemic in South Africa 91 6 

R. Metras et al. 

Epidemic fade-out occurred as susceptible 
hosts were depleted and vector-suitable 
environmental conditions declined. 

Effect of Travel on Influenza 
Epidemiology 925 

S. -M. Belderok et al. 

Short-term travel to tropical and subtropical 
areas probably contributes to spread worldwide. 

Haemophilus influenzae Serotype 
a Invasive Disease, Alaska, 

1983-2011 932 

M.G. Bruce et al. 

Highest rates of this invasive disease in Alaska 
were among Alaska Native children. 


EMERGING 

INFECTIOUS DISEASES 

June 2013 




m 


• 

< 1 t 

■ 

1 1 1 


fit 

flit 


p. 956 


Novel Mycobacterium tuberculosis 
Complex Isolate from a Wild 
Chimpanzee 969 

M. Coscolla et al. 

New strains could emerge as a result of 
proximity between humans and wildlife. 

Dispatches 

977 Endemic Norovirus Infections 
in Children, Ho Chi Minh City, 
Vietnam, 2009-2010 

RV. Tra My et al. 

981 Human Melioidosis, Malawi, 2011 

T. Katangwe et al. 


Effect of Winter School Breaks on 
Influenza-like Illness, Argentina, 
2005-2008 938 

R.C. Garza et al. 

Two-week breaks significantly reduced illness 
among children and adults. 

Spatiotemporal Dynamics of Dengue 
Epidemics, Southern Vietnam 945 

H.Q. Cuong et al. 

Control efforts could be limited to areas where 
incidence is high and dry seasons are common. 


Active Surveillance for Influenza A Virus 

among Swine, Midwestern 

United States, 2009-2011 954 

C.A. Corzo et al. 

Different influenza viruses circulate 
simultaneously among pig populations 
throughout the year. 


Medscape 

EOUCATION* 

ACTIVITY 



Foodborne Botulism 
in Canada, 1985-2005 961 

D. Leclair et al. 


Improvements in case identification 
and early treatment have led to a substantial 
decrease in case-fatality rates. 


985 BSE-associated Prion-Amyloid 
Cardiomyopathy in Primates 

S. Krasemann et al. 


989 Novel SARS-like 

Betacoronaviruses in Bats, 
China, 2011 

L. Yang et al. 



Human Papillomavirus Genital 
Infections among Men, 

China, 2007-2009 

Z. He et al. 

Treatment of Tularemia in 
Pregnant Woman, France 

C. Dentan et al. 

Ciprofloxacin-Resistant 
Salmonella enterica Serovar 
Kentucky in Canada 

M.R. Mulvey et al. 


1002 Novel Poxvirus in Big Brown 
Bats, Northwestern 
United States 

G.L. Emerson et al. 

1005 Fatal Influenza 

A(H1N1)pdm09 Encephalopathy 
in Immunocompetent Man 

M. Simon et al. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


EMERGING 

INFECTIOUS DISEASES 

June 2013 


1023 Flaviviruses in Game Birds, 
Southern Spain, 2011-2012 


Letters 

1008 Recombinant Vaccine-derived 
Poiioviruses in Heaithy 
Chiidren, Madagascar 

1010 Hepatitis E Outbreak, Dadaab 
Refugee Camp, Kenya, 2012 

1012 Wiid Poiiovirus importation, 
Centrai African Repubiic 

1014 Human Gyrovirus in Heaithy 
Biood Donors, France 



p. 1006 


1025 Absence of Rift Vaiiey Fever 
Virus in Wiid Smaii Mammais, 
Madagascar 

1027 Coiostrum Repiacer and Bovine 
Leukemia Virus Seropositivity 
in Caives 

1029 Novei Respiratory Syncytiai 
Virus A Genotype, 

Germany, 2011-2012 

1030 Travei-reiated A/e/sser/a 
meningitidis Serogroup W135 
infection, France 


1015 Vibrio choierae 0^ isoiate with 
Novei Genetic Background, 
Thaiiand-Myanmar 

1017 Crimean-Congo Hemorrhagic 
Fever Asia-2 Genotype, 
Pakistan 

1019 Shewaneiia ha//of/s Associated 
with Severe Soft Tissue 
infection, Thaiiand, 2012 

1021 Murine Typhus in Humans, 
Yucatan, Mexico 


1032 Ciostridium difficiie infection 
Associated with Pig Farms 


p. 1020 




1034 Proionged incubation Period for 
Cryptococcus gattii infection 
in Cat, Aiaska 



About the Cover 

1036 More is More 

Etymologia 

988 Shewaneiia haiiotis 



Scan this QR Code with your 
smartphone and enjoy listening 
to our podcasts about the latest 
emerging infectious diseases. 

http://wwwnc.cdc.gov/eid/podcasts.htm 



r ^ 

EID 

PODCAST 

www.cdc.gov/ncidod/EID/pcKlcast/ 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 





Have you renewed your 
print subscription to 




Prospects for Emerging Infections 
in East and Southeast Asia 
1 0 Years after 

Severe Acute Respiratory Syndrome 

Peter W. Horby, Dirk Pfeiffer, and Hitoshi Oshitani 


It is 10 years since severe acute respiratory syndrome 
(SARS) emerged, and East and Southeast Asia retain a 
reputation as a hot spot of emerging infectious diseases. 
The region is certainly a hot spot of socioeconomic and 
environmental change, and although some changes (e.g., 
urbanization and agricultural intensification) may reduce the 
probability of emerging infectious diseases, the effect of any 
individual emergence event may be increased by the great- 
er concentration and connectivity of livestock, persons, and 
products. The region is now better able to detect and re- 
spond to emerging infectious diseases than it was a decade 
ago, but the tools and methods to produce sufficiently re- 
fined assessments of the risks of disease emergence are 
still lacking. Given the continued scale and pace of change 
in East and Southeast Asia, it is vital that capabilities for 
predicting, identifying, and controlling biologic threats do not 
stagnate as the memory of SARS fades. 


I t is a decade since severe acute respiratory syndrome 
(SARS) emerged and in a few dramatic months redefined 
perceptions of global vulnerability to emerging infectious 
diseases. It is believed that SARS originated from southern 
China, with the first cases identified in Guangdong Province, 
China, where sporadic cases and small outbreaks occurred 
between November 2002 and early January 2003. A larger 
outbreak, triggered by nosocomial transmissions in 2 hospi- 
tals, began during mid-January 2003 in Guangzhou city, the 
capital of Guangdong Province (7). On February 11, 2003, 
the international community, including the World Health Or- 
ganization (WHO), became aware of this unusual cluster of 
severe pneumonia cases, which included many health care 

Author affiliations: Oxford University Clinical Research Unit, 
Hanoi, Vietnam (RW. Horby); University of Oxford, Oxford, UK{P.W. 
Horby); National University of Singapore (RW. Horby); Singapore; 
Royal Veterinary College, London, UK (D. Pfeiffer); and Tohoku Uni- 
versity Graduate School of Medicine, Sendai, Japan (H. Oshitani) 

DOI: http://dx.doi.org/10.3201/eid1906.121783 


workers. Detailed information about the outbreak was not 
available to the international community, and when WHO is- 
sued a global alert on March 12, 2003, the virus had already 
spread to other countries and caused outbreaks in areas out- 
side Guangdong, including Hong Kong, China; Hanoi, Viet- 
nam; Singapore; and Toronto, Ontario, Canada. 

The SARS epidemic provided a dramatic demonstra- 
tion of the weaknesses in national and global capacities to 
detect and respond to emerging infectious diseases, and it 
was in many ways a watershed event that had a transfor- 
mative effect on many of the clinical, public health, and 
other professionals involved. But has the response to SARS 
had any lasting effect on the probability of new infectious 
agents emerging, being detected at an early stage of emer- 
gence, and being effectively controlled? 

More than 30% of the global population lives in East 
and Southeast Asia, and despite impressive improvements 
in health, infectious diseases remain a major problem 
in the region. In 2010, 47% of the estimated 2.1 million 
deaths among children <5 years of age in Southeast Asia 
were attributable to infectious diseases (e.g., pneumonia 
and acute diarrhea) (2). Alongside this existing pool of 
known human pathogens, a large and diverse population 
of mammalian wildlife species and domestic livestock re- 
side in the region, acting as reservoirs or amplifying spe- 
cies from which new infectious diseases of humans might 
emerge { 3 , 4 ). The reemergence of highly pathogenic avian 
influenza A(H5N1) virus in 2004, the isolation of novel 
bat-associated reoviruses from humans in Malaysia in 
2006, and the discovery of a novel tick-borne bunyavirus 
associated with fever and thrombocytopenia in rural farm- 
ers in China in 2009 attest to the existence of a pool of 
potential zoonotic pathogens in East and Southeast Asia 
(Table) { 8 , 9 , 12 ). We review how the conditions that drive 
the emergence of infectious diseases and the systems to de- 
tect and control them have changed in East and Southeast 
Asia in the decade since SARS. 
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Table. Emerging and reemerging infectious disease events detected in East and Southeast Asia, 2004-2011* 



Year, pathogen 

Pathogen type 

Driver of resistance 

Location 

Ref 

2004 

Influenza A(H5N1) 

Orthomyxovirus 

Agricultural industry changes 

East and 
Southeast 
Asia 

(5) 

2005 

Streptococcus suis serotype 2 

Bacteria 

Agricultural industry changes/co-infection with 
porcine reproductive and respiratory syndrome virus 

China/Vietnam 

(6,7) 

2006 

Melaka virus 
Kampar virus 

Reovirus 

Reovirus 

Improved detection 
Improved detection 

Malaysia 

Malaysia 

(8) 

(9) 

2009 

Artemisinin-resistant malaria 
Reston Ebola virusf 

Severe fever with 
thrombocytopenia syndrome 

Protozoa 

Filovirus 

Bunyavirus 

Artemisinin or artesunate monotherapy 
Improved detection/co-infection with porcine 
reproductive and respiratory syndrome virus 
Unknown 

Cambodia 

Philippines 

China 

(10) 

(11) 

(12) 

*Ref, reference. 

tDetected in swine but not shown to cause human disease. 


Altered Ecosystems 

Over the past decade, East and Southeast Asia have 
been home to many of the top-performing world econo- 
mies, and this macroeconomic success has resulted in large 
increases in the demand for natural resources. The demand 
for hardwood, firewood, wood pulp, agricultural and graz- 
ing land, living space, roads, minerals, and power has had 
an enormous effect on the ecosystems of the region. De- 
forestation occurred throughout the 1990s, but the last de- 
cade has seen net increases in forested areas of China, the 
Philippines, and Vietnam because of active afforestation 
(including new commercial plantations). Net forest losses 
continue, however, in Myanmar, Cambodia, Indonesia, and 
Papua New Guinea (Figure 1) (75). 

The conversion of natural environments into agricul- 
tural or other commercially viable land (e.g., dams, mines) 
is usually associated with a decrease in biodiversity. A re- 
duction in biodiversity can lead to increased disease trans- 
mission through a variety of mechanisms (e.g., reduced 
predation and competition) and cause an increase in the 
abundance of competent hosts and the loss of buffering 
species, leading to increased contact between amplifying 
host species and compatible pathogens {14). Although a re- 
duction in biodiversity can lead to increased disease trans- 
mission, a large diversity of mammalian wildlife species 
is also associated with a large diversity of microbial spe- 
cies, which both increase toward the equator {3,4). There- 
fore, tropical areas (e.g., Myanmar, Cambodia, and parts of 
Indonesia) that have a rich pool of existing and potential 
pathogens but are experiencing ongoing ecosystem disrup- 
tion and biodiversity loss may be at a particularly high risk 
for the emergence of zoonotic diseases. 

Land-use changes are ongoing, but much of East and 
Southeast Asia already has very high pressures on produc- 
tive land. The rate of land-use change in much of the region 
has probably peaked, and the region is now in an era of 


increasing intensification of land productivity. In fact, over 
the last decade, China has increased agricultural output de- 
spite a slight decrease in total agricultural land area (Figure 
2) (75). This intensification is driven largely by demograph- 
ic pressures, which are predicted to result in a 70% increase 
in food production by 2050; the consumption of grains is 
expected to decrease and demand for meats, fiuits, and veg- 
etables is expected to increase (75). The recent high and 
volatile prices for food commodities are a good indicator of 
the current vulnerability of agricultural production systems. 

The environmental consequences of intensified agri- 
cultural production include the depletion and degradation 
of river and groundwater, reduced soil quality, and water 
and soil contamination with chemical fertilizers and pesti- 
cides. The loading of aquatic ecosystems with nitrogen and 
phosphorous (eutrophication) is a widespread environmen- 
tal change with an as-yet unquantified effect on the risk for 
disease emergence. Eutrophication can result in potentially 
harmful blooms of cyanobacteria, but little is known about 
the effect on pathogens that cause disease in animals and 
humans. There is, however, evidence that eutrophication 
can alter ecosystems in such a way as to increase the trans- 
mission of parasitic diseases of amphibians, the concentra- 
tion of Vibrio cholerae, and the abundance of mosquito 
vectors {16). Given the trend of increasing intensification 
of crop and animal production in East and Southeast Asia, 
much more attention should be given to the effect of the 
large-scale contamination of water and soil with nitrogen, 
phosphorous, and other chemicals on the functioning of 
ecosystems and on disease dynamics. 

Livestock Production 

Demand for livestock products in East and Southeast 
Asia has risen dramatically over the past 50 years: the per 
capita consumption of meat in developing countries has more 
than tripled since the early 1960s, and egg consumption has 
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Figure 1. Annual change in forest 
area by country, 2005-201 0. Source: 
Food and Agriculture Organization 
of the United Nations Global Forest 
Resources Assessment 201 0 (www. 
fao.org/forestry/fra/fra2010/en/). 


increased 5-fold (77). The increased demand for meat has 
been met by more intensive and geographically concentrated 
production of livestock, especially pigs and poultry. East and 
Southeast Asia are home to 569 million pigs (60% of the 
world pig population) and 9.2 billion poultry (43% of the 
world poultry population) (18). The Food and Agriculture 
Organization of the United Nations (FAO) has projected that 
pork consumption in China will increase by 55% between 
2000 and 2030 (79), and Rabobank, an agricultural finance 
group, predicts a 45% increase in global meat demand over 
the next 20 years, with 70% of that occurring in Asia. The 
demand will be particularly strong for poultry because of its 
relatively low cost and short production cycle, and because 
there are fewer cultural restrictions regarding poultry than 
there are that concern pork and beef 

In addition, meat-producing companies will continue 
to consolidate at the global level. The intensification of 
livestock farming often results in more effective separa- 
tion of domestic and wild animals, improved veterinary 
supervision and input, reduced movement of animals, and 
reduced species mixing, all of which may reduce the likeli- 
hood of disease emergence. However, higher densities of 
short production-cycle domestic animals, such as pigs and, 
in particular, poultry, introduce a vulnerability because 
such animals usually have limited genetic variation. Higher 
genetic diversity within a host species is often associated 
with differences in susceptibility to infection, thereby lim- 
iting the potential for infections to spread rapidly (20). Re- 
cent outbreaks of highly pathogenic porcine reproductive 


and respiratory syndrome virus throughout East and South- 
east Asia, which at times co-occurred with outbreaks of 
Streptococcus suis infections, and the detection of Reston 
Ebola virus infection in pigs in the Philippines highlight 
the ongoing risk for disease emergence, amplification, and 
crossover from livestock to humans in East and Southeast 
Asia (6,11). 

In East and Southeast Asia, antimicrobial drugs are 
used extensively in the livestock and aquaculture sectors to 
treat or prevent infections, and they are used non-therapeu- 
tically as growth promoters, which requires the prolonged 
administration of sub-therapeutic doses. This practice has 
a demonstrable effect on the emergence and prevalence 
of potentially clinically relevant resistant microorganisms 
in food animals. Furthermore, the subsequent excretion of 
antimicrobial drugs into the environment may subject en- 
vironmental bacteria to antimicrobial selection pressures 
(27). It is clear that the continued use of non-therapeutic 
antimicrobial drugs in livestock and aquaculture industries 
that are increasing in scale and intensity poses a threat to 
human and animal health (22). 

Wildlife and Farm Biosecurity 

Reducing contact between domestic and wild animals, 
whether the wild animals remain wild or are captive in 
breeding farms or markets, is a key tactic recommended 
by the FAO for reducing risk to human health, and this re- 
duced contact is part of the wider FAO strategy for biosecu- 
rity. Improving biosecurity in farms in East and Southeast 
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Asia is a major challenge because a large proportion of the 
farming is done in backyard and small- to medium-scale 
commercial farms, and there is often a mix of commercial 
and backyard farming in any 1 location (23). The longer- 
term vision is to restructure the livestock production sector 
toward a more integrated and controlled system in which 
controls benefit animal health and welfare, human health, 
and commercial profitability without adversely affecting 
the livelihood of poor persons. 

In East and Southeast Asia, increasing intensification 
of animal husbandry may lead to healthier, better isolated 
animals and a subsequent lowered risk for emerging dis- 
ease events. However, should an emerging infectious dis- 
ease event occur, this intensification may result in greater 
amplification of disease in large, naive monocultures, as 
demonstrated in the Netherlands when they experienced 
major outbreaks of classical swine fever in 1997-1998 and 
avian influenza in 2003. The role of civet cats in the SARS 
pandemic and the smuggling of avian influenza A(H5N1) 
virus-infected birds of prey into Europe showed that the 
legal and illegal wildlife trade is an effective conduit for 
zoonotic pathogens to enter new niches (24,25). Wild ani- 
mal products remain popular in East and Southeast Asia as 
traditional medicines, tonics, food delicacies, or symbols 
of wealth. Although all 10 countries in the Association of 
Southeast Asian Nations (ASEAN) are signatories to the 
Convention on International Trade in Endangered Species 
of Wild Fauna and Flora, Asia continues to host the largest 
illegal wildlife trade in the world (26). 

Travel and Trade 

The regional and global connectivity of East and 
Southeast Asia continues to increase; there is visa-free 
travel between ASEAN countries, relaxation of previously 
restrictive international travel policies in some countries, 
and a proliferation of budget airlines. Increased travel and 


trade between Africa and Asia is a particularly notable phe- 
nomenon: exports from Africa to Asia increased 20% from 
2003 to 2008. This Africa-Asia traffic is a new corridor for 
the exchange of potential emerging infectious pathogens. 

The ongoing development of a regional road transport 
network within East and Southeast Asia will also offer new 
opportunities for pathogen dispersal because, compared 
with air travel, roads offer a more egalitarian form of con- 
nectivity that includes animals as well as humans. Increases 
in domestic travel also continue; only 10% of the world is 
now classified as remote (i.e., >48 hours travel time to a 
big city), and an estimated 2.5 billion passenger trips were 
made during China’s 2011 Lunar New Year celebrations — 
the greatest annual human migration on earth. Increased 
connectivity provides greater opportunities for pathogens 
to disperse beyond their traditional niches and presents a 
formidable challenge to the tracking and containment of 
outbreaks (27). 

Urbanization, Human Demographics, and Behavior 

Between 2011 and 2050, the global population is ex- 
pected to increase from 3.6 billion to 6.3 billion (an increase 
of 2.6 billion [72%]), and this increase will be concentrated 
in cities (28). Most of the growth will occur in develop- 
ing countries, particularly in Asia, which will experience 
an increase in its urban population of 1 .4 billion persons. 
In many ways, this concentration of population growth in 
urban areas is a positive development, and the popularity of 
cities is a testament to the fact that cities generally provide 
better economic and education opportunities, better living 
and sanitation conditions, better nutrition, and therefore 
better health than in underdeveloped rural areas. 

Cities are, however, key in the epidemiology of many 
infectious diseases because they can function as “pace-mak- 
ers” that drive temporal and spatial transmission dynamics 
of local epidemiology (e.g., dengue), hubs for national and 
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global spread (e.g., SARS and HIV), or bridges between 
human and animal ecosystems (e.g., influenza A subtypes 
H5N1 and H7N9). East and Southeast Asia have made 
considerable progress in health and social welfare improve- 
ments: during 2000-2010, a total of 125 million persons in 
China and India moved out of slum conditions. However, 
urban poverty remains a concern. In 2010, an estimated 500 
million persons in Asia lived in slums (29), and, at the end 
of 2008, there were an estimated 140 million rural migrant 
workers in China, many of whom lacked residency rights 
and had limited access to health care and other social sup- 
ports {30). Circular migration between rural and urban set- 
tings is common and may facilitate the transfer of pathogens 
from wild or rural ecosystems to urban areas, with the po- 
tential for rapid amplification in settings with high concen- 
trations of migrant workers. 

Health Systems 

Almost 35% of the emerging infectious diseases identi- 
fied in Asia during 1940-2004 represent the emergence of a 


new pattern of antimicrobial drug resistance {4). The major 
driver of such resistance is drug pressure. In East and South- 
east Asia, the sequential development of resistance by ma- 
laria parasites to chloroquine, sulfadoxine-pyrimethamine, 
mefloquine, and now artemisinin is a measure of both the 
adaptive capacity of the parasite and the failure of health 
systems to implement effective drug combination and cycling 
strategies to avoid resistance. Bacteria in East and Southeast 
Asia show high rates of resistance to antimicrobial agents; 
examples include multidrug-resistant Acinetobacter bau- 
mannii, Salmonella enterica, and Enterobacteriaceae {31). 
A high level of antimicrobial resistance is a marker of the 
failure to control access to antimicrobial drugs and to influ- 
ence prescribing behaviors. Over-the-counter antimicrobial 
drugs are available without a prescription throughout much 
of East and Southeast Asia, even though antimicrobial drugs 
are officially prescription-only medicines in most countries. 
Left unchecked, the supply- and demand-side incentives for 
inappropriate antimicrobial drug use will lead to a region 
awash with antimicrobial drugs and with the potential for 
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Figure 3. Self-reported global and regional average attribute scores for international health regulations core capacities, 2011. Source: 
World Health Organization, Summary of 2011 States Parties Report on International Health Regulations Core Capacity Implementation. 
(www.who.int/ihr/publications/WHO_HSE_GCR_2012.10eng/en/index.html). The attribute score is the percentage of attributes (a set of 
elements or functions that reflect the level of performance or achievement of an indicator) in which moderate or strong technical capacity 
has been attained in each core capacity area. SEAR results are the average for 11/11 eligible countries. WPR results are the average for 
19/27 eligible countries (8 countries did not complete the questionnaire in 2011). SEAR, World Health Crganization’s (WHC) South-East 
Asia Region; WPR, WHC Western Pacific Region. 
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public health disasters, such as artemisinin resistance, which 
now threatens global malaria control. 

Surveillance and Response 

The SARS pandemic highlighted what had been ap- 
parent to some since the 1990s: few countries possessed 
the necessary surveillance and response capacities to 
rapidly detect and control emerging infectious diseases 
(32). The deficiencies of the 1969 International Health 
Regulations at the global level had long been recognized, 
and attempts to revise them were ongoing before 2003, 
but the SARS outbreak added new urgency and momen- 
tum for change. The International Health Regulations 
were successfully revised in 2005, and for the first time 
they defined a series of core capacities that each coun- 
try is required to establish to detect, report, and control 
public health emergencies of international concern. The 
target for attaining these core capacities was set as June 
2012, and an assessment undertaken in 2011 found that 
although these core capacities had not yet been fully 
achieved in several countries of East and Southeast Asia, 
considerable progress had been made (Figure 3) (33). For 
example, the influenza surveillance network in China ex- 
panded from 63 laboratories and 197 sentinel hospitals 
in 2005 to 441 laboratories and 556 sentinel hospitals in 
2009 (34). Field epidemiology training programs have 
played a central role in strengthening epidemiology ca- 
pacity in human and animal health, and new field epi- 
demiology training programs were implemented in Laos, 
Mongolia, and Vietnam in 2009 and in Cambodia in 
2011 (55). An analysis of the global capacity for detect- 
ing outbreaks showed improvements in the median time 
from outbreak start to outbreak discovery between 1996 
(29.5 days) and 2009 (13.5 days) and from start to public 
communication (40 days in 1996 to 19 days in 2009); the 
WHO Western Pacific Region was the only WHO region 
that showed a statistically significant improvement in 
both areas (36). 

Many of these improvements were facilitated by a 
large increase in political and financial support for emerg- 
ing infectious disease surveillance and response from na- 
tional governments and donor agencies after the outbreaks 
of SARS and influenza A(H5N1). Although data on the 
total expenditure for emerging infectious disease surveil- 
lance, preparedness, and response in East and Southeast 
Asia are not available, examples of international support 
include the first and second Asian Development Bank 
Greater Mekong Subregion Regional Communicable Dis- 
eases Control Projects ($38.75 million and $49 million, 
respectively), the Canada-Asia Regional Emerging Infec- 
tious Disease Project ($4.3 million), the US Government 
foreign assistance for disease control, research, and train- 
ing (>$500 million in Asia during 2004-2011), and the US 


Agency for International Development’s Pandemic and 
Emerging Threats Program. As a consequence, pandemic 
and epidemic preparedness planning has improved in most 
countries of East and Southeast Asia, but gaps between the 
plans and the ability to operationalize them remain in many 
countries (37,38). 

Since 2003, international and national authorities have 
increasingly recognized the importance of more effective 
animal health surveillance. However, limited resources in 
most countries have meant that investments into improved 
surveillance capacity have occurred largely in those coun- 
tries affected by major outbreaks, such as the case with an 
outbreak of Nipah virus infection in Malaysia and of in- 
fluenza A(H5N1) virus infection in Thailand, China, Viet- 
nam, and Indonesia. Where these types of investments did 
occur, they were often species- and threat-specific, rather 
than to facilitate strategic enhancement of generic surveil- 
lance efforts for dealing with emerging disease threats. Not 
too dissimilar from the situation in high income countries, 
institutional and administrative boundaries between the hu- 
man and animal health sectors have largely prevented the 
development of integrated surveillance systems. 

Regional and International Partnerships 

It has been said that there have been more international 
meetings about influenza A(H5N1) virus than human cases 
of the disease. Whether this is true or not, a benefit of the 
many meetings held after the outbreaks of SARS and influ- 
enza A(H5N1) virus has been a strengthening of regional 
and international professional partnerships. Clinicians, epi- 
demiologists, virologists, veterinarians, and public health 
officials in East and Southeast Asia are now better connect- 
ed and familiar with their colleagues than they were before 
2003 : examples include the South East Asia Infectious Dis- 
ease Clinical Research Network, the Mekong-Basin Dis- 
ease Surveillance System, increasing membership of East 
and Southeast Asia countries in the Training Programs in 
Epidemiology and Public Health Interventions Network, 
and the establishment in 2003 of the ASEAN-l-3 Expert 
Working Group on Communicable Diseases (39,40). Net- 
works of trusted colleagues are a powerful force for shar- 
ing expertise, clearing confusion, and bridging divides, and 
these newly formed partnerships are perhaps one of the 
greatest unquantified achievements of the last decade. 

To coordinate and harmonize the diversity of initia- 
tives spawned by SARS, the WHO South East Asia Of- 
fice and Western Pacific Office jointly developed the Asia 
Pacific Strategy for Emerging Diseases in 2005. This plan 
provides a common framework for strengthening national 
and regional surveillance and response capacity for emerg- 
ing infectious diseases in the 48 countries of the Asia Pa- 
cific Region; it was revised and re-endorsed by the WHO 
Regional Committees in 2010. 


858 


Emerging Infectious Diseases • www.cdc.gov/eid • Voi. 19, No. 6, June 2013 



Prospects for Emerging Infections 10 Years after SARS 


A more troublesome dimension of international part- 
nerships sinee 2003 has been the dispute over the sover- 
eignty and sharing of pathogen samples. Although these 
disputes have not benefited disease surveillanee in the short 
term, they do have a legitimate basis, and it must be hoped 
that in the medium term, an airing and resolution of these 
issues will result in greater trust, improved surveillanee, 
and a more equitable distribution of benefits. In this eon- 
text, the ratifieation in 201 1 of WHO’s Pandemic Influenza 
Preparedness Framework for the Sharing of Influenza Vi- 
ruses and Access to Vaccines and Other Benefits is a major 
step forward. 

Conclusions 

A major shift, from West to East, is underway in the 
global center of gravity: East and Southeast Asia are be- 
coming the dominant force of economic, social, and envi- 
ronmental change. While rapid development has brought 
East and Southeast Asia many benefits, it has also resulted 
in widening health inequalities, environmental degradation, 
increased migration and urbanization, and a concentration 
of persons, food production, and economic activity. These 
changes might facilitate the emergence and transmission of 
new pathogens, but it would be simplistic and disingenuous 
to present the extensive changes in East and Southeast Asia 
as inevitably increasing the risk of emerging infectious dis- 
eases. It seems likely that the probability of new emerging 
infections may be reduced by many of these socioeconom- 
ic changes, such as urbanization and the industrialization 
and commercialization of agriculture and food production; 
however, the scale and effect of any individual emergence 
event may increase because of a greater concentration and 
connectivity of livestock and persons. Surveillance and 
response capacities have improved in the last decade, and 
East and Southeast Asia are far better prepared to detect and 
respond to emerging infectious diseases. However, we are 
still lacking the tools and methodologies to produce a suffi- 
ciently refined assessment of the distribution and profile of 
disease emergence risks that encompasses geographic het- 
erogeneity; the interaction of different drivers of pathogen 
evolution, crossover, and dispersion; and dynamic systems 
and the uncertainty inherent in such assessments. Given 
the continued scale and pace of change in East and South- 
east Asia, it is vital that the capacity to predict and identify 
biologic threats and to protect the public’s health does not 
stagnate as the memory of SARS fades. 
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Public Health Lessons from 
Severe Acute Respiratory Syndrome 

a Decade Later 

Jeffrey P. Koplan, David Butler-Jones, Thomas Tsang, and Wang Yu 


The outbreak of severe acute respiratory syndrome 
in 2002-2003 exacted considerable human and economic 
costs from countries involved. It also exposed major weak- 
nesses in several of these countries in coping with an out- 
break of a newly emerged infectious disease. In the 10 years 
since the outbreak, in addition to the increase in knowledge 
of the biology and epidemiology of this disease, a major les- 
son learned is the value of having a national public health 
institute that is prepared to control disease outbreaks and 
designed to coordinate a national response and assist lo- 
calities in their responses. 


A fter an index ease and ongoing transmission in Guang- 
zhou, People’s Repub lie of China, in late fall 2002, the 
world experienced a widespread multicountry and multifo- 
cal outbreak of a new, virulent, transmissible respiratory 
illness in 2003. The causal agent of this disease was found 
to be a coronavirus, and the disease was named severe acute 
respiratory syndrome (SARS) (7). We are approaching the 
tenth anniversary of this dramatic event, which challenged 
public trust and government and health system capacity to 
address public health issues. What have we learned and 
what lessons have we acted upon during these years? 

The science of SARS (biologic, ecologic, and epidemi- 
ologic) has been considerably elucidated (7). The coronavi- 
rus has been structurally described, associated with likely 
animal reservoirs (bat and civet cat), and demonstrated to be 
transmitted by droplets and possibly by aerosolization and 
contact with contaminated fomites. Transmission seems 
relatively easy because the basic reproduction number (R^) 
is 2. 2-3. 7, but transmission is greatly enhanced by occa- 
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sional supertransmitters. The number of deaths from SARS 
is considerable; the case-fatality rate is ==10%. Masks and 
other personal protective gear, along with active surveil- 
lance, case detection, contact tracing, isolation, and quar- 
antine, were effective measures in reducing transmission. 
Even a relatively limited outbreak cost cities and countries 
many billions of dollars in lost business and productivity in 
addition to the human and economic costs of the extraordi- 
nary health and public health measures that were needed to 
identify and contain the disease (2). 

During and following the outbreak, 8 broader national 
and international policy, operational, and systems needs 
were identified by public health officials. The first need was 
stronger and more integrated coordination between animal 
and human public health. This need is currently being ad- 
dressed in One Health efforts by the World Health Organi- 
zation, the Food and Agriculture Organization, the World 
Organisation for Animal Health, the US Centers for Dis- 
ease Control and Prevention (CDC), and the Public Health 
Agency of Canada (5). The second need was enhanced dis- 
ease and symptom surveillance systems that would share 
information quickly within countries and across borders. 
The third need was capable and responsive public health 
laboratories whose crucial role in infectious disease out- 
breaks includes establishing the etiologic agent, confirm- 
ing the diagnoses in clinically suspected cases, supporting 
surveillance activities, and providing insight into the most 
effective infection control practices. The fourth need was 
for infection control to be stressed constantly in all health 
care settings. The fifth need was for development of clear 
criteria for isolation and quarantine and evaluation of the 
effectiveness of such measures. Isolation and quarantine 
were applied inconsistently with varied and often vague 
criteria (travel from an infected country, fever, sitting in an 
airplane near a traveler suspected of having SARS). Sev- 
eral sites believed that their isolation and quarantine efforts 
were helpful in reducing disease spread { 4 , 5 ). The sixth 
need was for making risk assessment and communication 
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as necessary components of the public health skill set to 
be used continuously during a health threat to a population 
(6). The seventh need was a prompt and practiced public 
health response with broad geopolitical responsibility and 
authority, spanning and linking political jurisdictions from 
municipalities to states/provinces to national and global 
levels. This response is better performed when prepared- 
ness training and a national incident response system have 
been routinely incorporated into the public health system. 
The eighth need was for national public health institutes 
(NPHIs) that have value in preventing and controlling out- 
breaks and other health threats (7). Even in the absence 
of an NPHI, the success of such entities in time of health 
crisis argues for at least establishing a central focus for 
coordination and leadership with delegated responsibility 
and authority. 

NPHIs are the linchpin of public health systems in >80 
countries. These institutes are science-based organizations 
that lead and coordinate public health at the national level. 
In most instances, NPHIs are part of the government (usu- 
ally under the Ministry of Health) or closely attached to it. 

NPHIs vary greatly from multifunctional and multidis- 
ciplinary agencies such as the US CDC, the Robert Koch 
Institute (Berlin, Germany), the Chinese CDC (Beijing, 
China) the National Institute for Public Health and the En- 
vironment (RIVM) (Bilthoven, the Netherlands), Funda- 
9ao Oswaldo Cruz (Rio de Janeiro, Brazil), and the Public 
Health Agency of Canada (Ottawa, Ontario, Canada) to 
more targeted ones such as the Health Protection Agency 
(London, UK) and the National Institute for Communi- 
cable Diseases (Johannesburg, South Africa). Yet, despite 
their differences in history, scope, and resources, NPHIs all 
provide core public health functions that improve the ef- 
forts of their countries to address health challenges within 
and beyond their borders. These functions include popula- 
tion health assessment, health protection (surveillance and 
response), disease and injury prevention, health promotion, 
and research (evidence to inform policies and programs). In 
many countries, the NPHI plays a major role in developing 
and supporting local capacity, at the municipal and state/ 
provincial levels, through training, technical assistance, 
tools, guidelines, staff assignments, and financing. 

Consolidating these functions — and the associated 
skills, disciplines, experience, and expertise — in an NPHI 
provides many benefits, 2 of which are particularly ger- 
mane to acute public health threats. The first benefit is the 
ability to generate and share knowledge, data, and evidence 
to inform public health decisions and policies. The second 
benefit is increased capacity to mount a quick, decisive, and 
coordinated response during a public health emergency. 
More than 80 NPHIs are organizationally linked through 
the International Association of National Public Health 
Institutes (lANPHI) (5), which promotes creation of new 


NPHIs (in Mozambique, Guinea-Bissau, and El Salvador) 
and assists in expanding the breadth and depth of existing 
NPHIs (e.g., in Uganda, Nigeria, Togo, Morocco, Ghana, 
Cote d’Ivoire, Rwanda, Bangladesh, Ethiopia, Tanzania). 
The World Health Organization does not have a formal re- 
lationship with individual NPHIs but has developed a part- 
nership with lANPHI, including frequent communication 
and joint programmatic activities. 

SARS provided an opportunity to recognize the value 
of the effectiveness of NPHIs when present and the risk for 
added toll of illness when absent. Thus, several countries 
involved in the outbreak subsequently saw fit to establish 
an NPHI (Hong Kong and Canada) or greatly strengthen an 
existing one (China). Such institutes are a positive legacy 
of the 2003 outbreak. 

Likewise, in the past 10 years, NPHIs have played a 
major role in the response to many other public health cri- 
ses, varying from natural disasters to disease outbreaks to 
addressing chronic noncommunicable diseases (e.g., con- 
trolling a widespread Escherichia coli outbreak; Robert 
Koch Institute); evaluating the effects of radiation exposure 
(NPHI, Tokyo, Japan); identifying and controlling measles 
outbreaks (Institut de Veille Sanitaire, Saint-Maurice, 
France); detecting Ebola virus (Uganda Virus Research 
Institute, Entebbe, Uganda, and National Institute for Com- 
municable Diseases, South Africa); addressing a new in- 
fluenza (HlNl) subtype outbreak (Institute Nacional de 
Salud Publica, Mexico City, Mexico, in collaboration with 
the Public Health Agency of Canada and the US CDC), 
solving a milk contamination puzzle and promoting anti- 
tobacco efforts (Chinese CDC); dealing with health issues 
related to flooding (National Institute of Health, Bangkok, 
Thailand), and describing the epidemiology of Nipah virus 
(Institute of Epidemiology, Disease Control and Research, 
Dhaka, Bangladesh). 

These examples demonstrate the value added by 
NPHIs worldwide. In addition to their major national role, 
by grouping organizationally through lANPHI, NPHIs also 
have a bond for coordination of efforts and mutual assis- 
tance that promotes their overall performance and technical 
development. When emerging infectious diseases, such as 
SARS, which become local, national, or global threats, are 
considered, the value and need for developing and strength- 
ening NPHIs could be one of the major lessons learned and 
applied from the SARS experience of 10 years ago. 
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Progress in Global Surveillance and 
Response Capacity 1 0 Years after 
Severe Acute Respiratory Syndrome 
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Ten years have elapsed since the World Health Orga- 
nization issued its first global alert for an unexplained ill- 
ness named severe acute respiratory syndrome (SARS). 
The anniversary provides an opportunity to reflect on the 
international response to this new global microbial threat. 
While global surveillance and response capacity for pub- 
lic health threats have been strengthened, critical gaps re- 
main. Of 194 World Health Organization member states that 
signed on to the International Health Regulations (2005), 
<20% had achieved compliance with the core capacities re- 
quired by the deadline in June 2012. Lessons learned from 
the global SARS outbreak highlight the need to avoid com- 
placency, strengthen efforts to improve global capacity to 
address the next pandemic using all available 21st century 
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tools, and support research to develop new treatment op- 
tions, countermeasures, and insights while striving to ad- 
dress the global inequities that are the root cause of many 
of these challenges. 

T en years have elapsed since the World Health Or- 
ganization (WHO) issued its first global alert for an 
unexplained illness, which it named severe acute respira- 
tory syndrome (SARS) (7). A few days later, the Institute 
of Medicine (lOM) released a report. Microbial Threats to 
Health, that highlighted many of the issues and challenges 
raised by SARS (2). This anniversary provides us with an 
opportunity to reflect on the international response led by 
WHO to this new global microbial threat, a response that 
resulted in control of the pandemic that resulted in >8,000 
cases and nearly 800 deaths in >30 countries and had a 
large economic impact (i). The series of emerging and re- 
emerging disease threats since 2003, from avian influenza 
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(H5N1, H7N9) to extensively drug-resistant tuberculosis 
to the recently recognized novel coronavirus, reinforce the 
need to avoid the complacency that typically occurs in the 
aftermath of a successful response to a crisis resulting from 
an emerging microbial threat. 

Lessons of SARS 

Many features of the SARS epidemic and the public 
health response are worth recalling because they provide 
reminders of challenges posed by the emergence of a new 
disease that is transmissible from person to person. Some of 
these features include the initial lack of field investigative 
capacity, reference laboratory testing, and reporting trans- 
parency from southern China, which resulted in a 3 -month 
delay in the reporting of the severe unexplained illness to 
WHO; the important role played by an alert clinician in Ha- 
noi, Vietnam, in the initial recognition and response to the 
illness; the rapid spread of illness to >30 countries; and the 
effects on health care workers and family members, who 
were most at risk for person-to-person spread of the infec- 
tion. Reviewing the events that occurred during the SARS 
epidemic is an opportunity to highlight the ultimate suc- 
cess of early patient isolation, contact tracing, quarantine, 
and infection control measures; the importance of rigorous 
attention to biosafety in laboratory settings; the effects of 
stigmatization of affected groups; the economic impact as a 
result of major disruptions in international travel and com- 
merce; the identification of the mode and circumstances of 
cross-species transmission; and the role of “superspread- 
ers” and superspreading events in the rapid dissemination 
of the illness. 

In addition, during the epidemic, the leadership pro- 
vided by WHO facilitated timely exchange of new infor- 
mation among clinicians, epidemiologists, and laboratory 
investigators around the world. These efforts included the 
formation of a global network {4) of virology and pathology 
laboratories that used modem diagnostic methods, which 
contributed to the rapid identification, characterization, and 
sequencing of the agent and the timely dissemination of 
critical information and guidance through agency reports, 
expedited peer-reviewed publications (5-9), lay media, and 
the Internet. These experiences exemplify the characteristic 
features of the global SARS outbreak. 

Emergence in Guangdong Province 

Details are sketchy about the earliest phase of SARS 
as it spread in southern China, but the best retrospective 
analyses show that the initial cases and clusters occurred in 
mid-November 2002; its spread to health care workers and 
family members was a critical aspect of the amplification 
of the epidemic during January 2003 {10). Initial investiga- 
tions were conducted by provincial public health authori- 
ties who did not recognize or failed to report the potential 


global implications of the epidemic, and initial laboratory 
investigations incorrectly focused on a possible Chlamydia 
spp.-like organism as the etiologic agent (http://english. 
peopledaily.com.cn). Once the public health implications 
were recognized, however, the subsequent response to 
SARS by China was among the most aggressive and effec- 
tive worldwide and included substantial improvements in 
epidemiologic training, laboratory capacity, and mandatory 
reporting, as detailed below. 

Superspreading Events Linked 
to the Hotel Metropole 

Several superspreading events contributed to the dis- 
semination of the virus. Some of the most dramatic exam- 
ples included those associated with the Hotel Metropole in 
Hong Kong (77), the Amoy Gardens apartment complex 
in Hong Kong (72), Air China flight 1 12 from Hong Kong 
to Beijing (75), and an acute care hospital in Toronto, On- 
tario, Canada {14). The episode at Hotel Metropole that 
contributed greatly to the initial cross-border spread of the 
disease was particularly noteworthy. 

The cluster of SARS cases at Hotel Metropole in 
Hong Kong in 2003, the first superspreading event rec- 
ognized outside mainland China, was responsible for 
the spread of the epidemic from Guangdong Province to 
Canada, Vietnam, Singapore, and Hong Kong itself In 
addition to the first 13 cases originally associated with 
the Hotel Metropole (77), a follow-up cohort study of 
guests from Canada, Germany, England, and the United 
States who stayed at the hotel concurrent with the index 
case-patient, a physician from Guangdong, identified an 
additional 7 cases that met the probable (2) or confirmed 
(5) case definition for SARS coronavirus (CoV) infection 
(75). All 20 cases were associated with transmission of 
SARS CoV on the ninth floor of the hotel, where the in- 
dex case-patient had stayed for 1 night before becoming 
critically ill and being admitted to a local hospital the next 
day. Three deaths occurred among hotel guests who had 
been identified as case-patients, resulting in a case-fatality 
ratio of 15%. Known secondary SARS cases were associ- 
ated with at least 13 (42%) of 3 1 guest rooms on the ninth 
floor (Figure 1). 

The high rate of infection among guests staying on the 
ninth floor at the Hotel Metropole is remarkable because 
they did not have direct contact with the index case-pa- 
tient. For example, 1 resident of Hong Kong who visited a 
friend on the ninth floor (but was not a hotel guest) likely 
acquired his infection during his visit; this person subse- 
quently infected 143 people at Prince of Wales Hospital 
in Hong Kong {16). Epidemiologic evidence suggested an 
environmental route of SARS CoV transmission. Indeed, 
environmental contamination with SARS CoV RNA was 
identified on the carpet in front of the index case-patient’s 
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room and 3 nearby rooms (and on their door frames but 
not inside the rooms) and in the air intake vents near the 
eentrally located elevators {16). Guest rooms had posi- 
tive air pressure relative to the corridor, and there was 
no direct flow of air between rooms. The lack of air flow 
between rooms and the absence of SARS CoV RNA de- 
tected inside guest rooms suggest that secondary infec- 
tions occurred not in guest rooms but in the common areas 
of the ninth floor, such as the corridor or elevator hall. 
These areas could have been contaminated through body 
fluids (e.g., vomitus, expectorated sputum), respiratory 
droplets, or suspended small-particle aerosols generated 
by the index case-patient; other guests were then infected 
by fomites or aerosols while passing through these same 
areas. Efficient spread of SARS CoV through small- 
particle aerosols was observed in several superspreading 
events in health care settings, during an airplane flight, 
and in an apartment complex (12-14,16-19). This process 
of environmental contamination that generated infectious 
aerosols likely best explains the pattern of disease trans- 
mission at the Hotel Metropole. 

The compilation of data from multiple superspread- 
ing events in the SARS epidemic yields valuable findings 
that could be relevant for other respiratory infections of 
pandemic potential. These events underscore the potential 
for aerosol transmission in non-health care settings and 
the dramatic role such transmission can play in the global 
transmission of respiratory diseases. 

Recognition and Reporting from Hanoi 

One of the guests at the Hotel Metropole, a business 
traveler, was hospitalized at the French Hospital in Hanoi. 
Called to the investigation of the subsequent illnesses of 
health care workers at the hospital was Dr Carlo Urbani, 
a WHO physician specializing in parasitology who was 
known for having the mindset of an alert clinician and a 
strong dedication to the principles of public health. In a se- 
ries of emails from Hanoi to his colleagues at WHO, Dr 
Urbani sent some of the first messages of alarm and de- 
tailed descriptions of the clinical features of what would 
come to be known as SARS. His reports would lead to an 
aggressive response by the government of Vietnam, which 
quarantined the hospital staff and ultimately contained the 
epidemic there (20). It also raised the alarm with colleagues 
at WHO and the US Centers for Disease Control and Pre- 
vention, who would work to characterize and contain the 
global epidemic. Dr Urbani himself became infected and 
was hospitalized in Bangkok, where he insisted on obtain- 
ing repeated samples from his own respiratory tract, which 
provided some of the first isolates of the novel CoV (6,9). 
Dr Urbani died on March 29, 2003 (21), one of many health 
care workers who responded to those in need, only to be- 
come victims themselves. 


Health Care-associated Transmission 
in Toronto and Taiwan 

Health care facilities played a substantial role through- 
out the SARS outbreak as sites of efficient transmission that 
led to acceleration of disease in communities. These facili- 
ties also served a critical role in stopping SARS through 
strict implementation of infection control practices. Im- 
portant lessons regarding the epidemiology and control of 
SARS are evident in the spread of health care-associated 
SARS in Toronto and Taiwan (22). In both places, the 
spread of SARS was initiated by unrecognized transmis- 
sion of the virus in health care facilities; however, the out- 
breaks progressed differently (Figure 2). 

The first cases of SARS in Toronto occurred very 
early in the global outbreak. A 78 -year-old woman who 
had stayed at the Hotel Metropole in Hong Kong in late 
February 2003 returned to Toronto before dying at home. 
However, her son had been infected and was subsequently 
admitted to a Toronto hospital, where nosocomial transmis- 
sion led to >100 cases among patients, health care work- 
ers, and visitors. Prompt institution of practices to control 
airborne, contact, and droplet infection led to an apparent 
cessation of transmission, and on May 14, WHO declared 
that Toronto was no longer a SARS-affected area. Control 
recommendations were relaxed, and the crisis appeared to 
have ended; however, unrecognized infection continued 
among a small number of patients and visitors. Eventually, 
transmission to health care workers, patients, and visitors 
resurged, leading to an additional 79 cases, as evident in the 
bimodal shape of the epidemic curve. After strict infection 
control practices and vigilance for SARS were reinstituted, 
the last case was recognized in mid-June, and no other cas- 
es were recorded thereafter. 

The experience in Taiwan was very different. Soon af- 
ter the novel CoV was recognized in Hong Kong, officials 
in Taiwan instituted rigorous port entry screening and iso- 
lation among returning travelers who had suspected SARS 
and their contacts. Public health and academic medical of- 
ficials focused exhaustive efforts on accurately diagnosing 
cases of SARS in travelers. This approach appeared to work 
well for 6 weeks, suggesting that SARS could be prevented 
from entering the island. However, despite these measures, 
unrecognized transmission of SARS began occurring in the 
community. SARS in a hospital laundry worker at the large 
urban Ho Ping Hospital in Taipei led to exposure of staff 
and patients and ignited an explosive outbreak that spread 
to other hospitals and the community. To contain the trans- 
mission, patients, staff, and visitors were quarantined in the 
facility, an action that had rarely been invoked in modem 
times. More than 1,000 persons were quarantined; some 
tossed soft drink bottles from windows with protest mes- 
sages, others communicated the disarray within the facility 
through cell phone messages, and a few escaped. Public 
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Date of SARS illness onset, 2003 


Figure 2. Probable cases of severe acute respiratory syndrome, by location and date of illness onset, Toronto, Ontario, Canada, and 
Taiwan, February 23-June 15, 2003. 


health officials rapidly pivoted in control policies and com- 
munity response actions to prevent a potential emerging 
infectious disease catastrophe. The epidemic curve for 
Taiwan reveals the very rapid rise in cases resulting from 
the hospital outbreak. Strict infection control practices 
were mandated in all health care settings. SARS evaluation 
centers (“fever clinics”) were constructed outside hospital 
emergency departments. Community use of face masks, 
fever checks on entry to commercial establishments, and 
extensive community outreach and education were used to 
mitigate the effects of SARS. After 2 months of epidemic 
spread, leading to >600 cases, SARS was eventually con- 
tained, and no further cases were reported. 

The Legacy of SARS 

After the emergence of SARS, many after-action re- 
ports were written, many recommendations were made, 
and many steps were taken in response to lessons learned. 
SARS was frightening and had a dramatic effect on global 
travel and business. The outbreak showed how rapidly a 
new, fatal pathogen could spread and how disruptive the ef- 
fects could be. The palpable impact of SARS was translat- 
ed into action in the form of pandemic influenza planning 
and surveillance efforts, a greater focus on global health 
security, improved laboratory and surveillance networks, 
and most important, the revision of the International Health 
Regulations (IHR). These regulations had last been updated 
in 1969, and the experiences with SARS contributed to the 
urgency to finish the revision. The updates were completed 
in 2005, when 194 WHO member states approved the in- 
ternational treaty; IHR 2005 went into effect in 2007 ( 23 ). 


The legacy of SARS is evident in many other efforts 
as well. New national public health agencies have been 
created in Canada (Public Health Agency of Canada) 
and the United Kingdom (Health Protection Agency). 
The WHO Global Outbreak Alert and Response Network 
has been strengthened ( 24 ). The Global Disease Detec- 
tion Program was established at CDC, with the aim of 
strengthening countries’ efforts in training, surveillance, 
and outbreak response and establishing 10 Regional Cen- 
ters by 2012 (www.cdc.gov/globalhealth/gdder) in align- 
ment with the directive for bilateral collaboration and 
assistance under article 44 of the IHR. With the support 
of the Bill and Melinda Gates Foundation, the Interna- 
tional Association of National Public Health Institutes 
has been created and now has >75 members around the 
world (25). The Training Programs in Epidemiology and 
Public Health Interventions Network has expanded, and 
its regional partners (e.g., African Field Epidemiology 
Network, Eastern Mediterranean Public Health Network) 
have been strengthened ( 26 ). 

Perhaps the most important legacy of SARS is the rec- 
ognition of the critical need for a multilateral response, led 
by WHO, in the event of a rapidly moving but ultimately 
containable global epidemic. The central role of WHO in 
coordinating the laboratory network that identified the etio- 
logic agent and shared reagents, the epidemiology network 
that characterized the spread and identified the most effec- 
tive control measures, and the policy and communications 
network that incorporated rapidly changing knowledge into 
measured travel advisories was critical for the control of 
the epidemic and a credit to WHO. 
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As the importance of cross-species transmission in dis- 
ease emergence has been increasingly recognized (27,28), 
the One Health movement, which emphasizes the impor- 
tance of interdisciplinary collaboration to address issues at 
the interface of human health, animal (both domestic and 
wildlife) health, and environmental/ecosystem health, has 
gained momentum (29,30). The US Agency for Interna- 
tional Development has supported the Emerging Pandemic 
Threats Program in an effort to strengthen prediction, de- 
tection, response, and amelioration programs in parts of the 
world shown to be at particular risk (e.g., areas of rainforest 
intrusion, environmental degradation, ecosystem disrup- 
tion) for emergence of new diseases (31,32). The White 
House recently released the first National Strategy for Bio- 
surveillance, which calls for an all-hazards approach, fo- 
cusing on threats affecting humans, animals, or plants, to 
achieve early detection and situational awareness to enable 
better decision making (33). 

Looking Forward 

Although many disease detection and control im- 
provements have been implemented in the past 10 years, 
important gaps in global capacity and coordination re- 
main. One example is the need to greatly strengthen and 
monitor the national capacity required for full compliance 
with IHR 2005, including ensuring that adequate numbers 
of trained personnel are available to support the response 
to a public health emergency, that surveillance systems 
are capable of detecting public health emergencies, that 
access is adequate to laboratory diagnostic capabilities 
that can identify a range of emerging epidemic pathogens, 
and that countries have adequate rapid response capacity 
for public health emergencies (34). In addition, for state 
of the art, affordable countermeasures are needed (espe- 
cially point-of-care diagnostics, the reinvigoration of the 
development pipeline for new antimicrobial drugs, and 
new and improved vaccines), and workable approaches 
must be determined for equitable distribution of counter- 
measures when emergencies arise. Finally, systems are 
necessary to facilitate the conduct of research to evaluate 
treatment options during public health emergencies, as are 
tools to assess the utility of social media in strengthen- 
ing capacity for disease surveillance, event detection, and 
situational awareness. 

Of 1 94 WHO member states that signed on to the IHR 
2005, <20% had achieved compliance with the core capaci- 
ties required by the deadline of June 2012 (35). Assessment 
of the 13 factors contributing to disease emergence and re- 
emergence identified by lOM expert committees in con- 
sensus studies of emerging infections and microbial threats 
in 1992 (36) and 2003 (2) suggests that several of these 
factors contributed to the SARS pandemic (Table). Recent 
trends for most of these factors continue to operate in favor 


Table. Factors contributing to the emergence of infectious 
diseases according to lOM reports, 1992 and 2003 


1992 lOM Report 

2003 lOM Report 

Human demographics and 

Human susceptibility to 

behavior 

infection 

Technology and industry 

Climate and weather 

Economic deveiopment and 

Changing ecosystems 

iand use 

Internationai travei and 

Poverty and social inequality 

commerce 

Microbial adaptation and 

War and famine 

change 

Breakdown of pubiic heaith 

Lack of political will 

measures 

Intent to harm 


^Boldface indicates factors that contributed to the emergence and spread 
of severe acute respiratory syndrome. lOM, Institute of Medicine. 


of the microbes, a finding that indicates a need to identify 
and respond to other microbial threats (e.g., avian influenza 
strains, novel Co Vs, multidrug-resistant organisms) and 
emphasizes the necessity for all countries to continue to 
work on strengthening core capacities for surveillance and 
response and those for minimizing the risk of cross-border 
spread (23). As we reflect on the lessons learned from the 
global SARS outbreak, we need to avoid complacency; 
strengthen efforts to improve global capacity to address the 
next pandemic using all available 21st century tools; and 
support research to develop new options, countermeasures, 
and insights (37). At the same time, we must strive to ad- 
dress the global inequities that are the root cause of many 
of these challenges. 
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Metallo-p-Lactamase-producing 
Enterobacteriaceae, United States 

J. Kamile Rasheed, Brandon Kitchel, Wenming Zhu, Karen F. Anderson, Nancye C. Clark, 
Mary Jane Ferraro, Patrice Savard, Romney M. Humphries, Alexander J. Kallen, 

and Brandi M. Limbago 


We characterized 9 New Delhi metallo-P-lactamase- 
producing Enterobacteriaceae (5 Klebsiella pneumoniae, 2 
Escherichia cell, 1 Enterobacter cloacae, 1 Salmonella en- 
terica serovar Senftenberg) isolates identified in the United 
States and cultured from 8 patients in 5 states during April 
2009-March 2011 . Isolates were resistant to p-lactams, fluo- 
roquinolones, and aminoglycosides, demonstrated MICs <1 
pg/mLof colistin and polymyxin, and yielded positive metallo- 
p-lactamase screening results. Eight isolates had bla^^^^, 
and 1 isolate had a novel allele {bla^^^ ^}. All 8 patients had 
recently been in India or Pakistan, where 6 received inpa- 
tient health care. Plasmids carrying bla^^^ frequently car- 
ried AmpC or extended spectrum p-lactamase genes. Two 
K. pneumoniae isolates and a K. pneumoniae isolate from 
Sweden shared incompatibility group A/C plasmids with 
indistinguishable restriction patterns and a common bla^^^ 
fragment; all 3 were multilocus sequence type 14. Restric- 
tion profiles of the remaining New Delhi metallo-p-lactamase 
plasmids, including 2 from the same patient, were diverse. 


D uring the past decade, there has been an emergence 
of carbapenem-resistant Enterobacteriaceae that pro- 
duce carbapenemases, enzymes that efficiently hydrolyze 
carbapenems, as well as most P-lactam drugs (7). The most 
common carbapenemase among Enterobacteriaceae in the 
United States is the Ambler class A Klebsiella pneumoniae 
carbapenemase (KPC), an enzyme that is found through- 
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out the United States and globally (2,3). The emergence 
of another group of carbapenemases, the Ambler class B 
metallo-P-lactamases (MBLs), is of great concern world- 
wide (4). Until recently, MBLs were rarely identified in the 
United States and were found exclusively in Pseudomonas 
aeruginosa (5). However, recent reports of K. pneumoniae 
producing IMP- and VIM-type MBLs (6, 7) have increased 
concerns over additional transmissible carbapenem resis- 
tance mechanisms in Enterobacteriaceae. 

Among the most recent carbapenemases to appear in 
the United States is the newly described New Delhi MBL 
(NDM) (8-12). First reported in 2009, NDM-1 was initial- 
ly identified in K. pneumoniae and Escherichia coli clinical 
isolates obtained from a Swedish patient who had been hos- 
pitalized in India (75). Drug-resistant gram-negative bacte- 
ria that produce NDM have been found in community and 
health care settings in India and Pakistan in a wide range of 
gram-negative genera containing diverse bla^^^-haxhoxmg 
plasmids, and have been reported in >15 countries world- 
wide (4,14,15). The widespread dissemination of NDM- 
producing isolates and the apparent ease of mobility of 
bla^DM ^ major threat to public health on a global scale. 

To complement reports of individual cases (8,10,12), 
we performed extensive laboratory characterization of 9 
clinical isolates of NDM-producing Enterobacteriaceae 
collected from patients in the United States during April 
2009-March 2011. Strain typing and plasmid restriction 
analysis were performed to identity common lineages. We 
also describe a novel NDM-encoding allele, designated 
bla„„,, ,. 

NDM-6 

Bacterial Strains 

Nine clinical isolates (5 K. pneumoniae, 2 E. coli, 
1 Enterobacter cloacae, and 1 Salmonella enterica se- 
rovar Senftenberg), were collected from 8 patients during 
April 2009-March 2011 and submitted to the Centers for 
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Disease Control and Prevention (Atlanta, GA, USA) for ref- 
erenee suseeptibility testing during January 201 0-April 2011 
(Table 1). Four patients were from California and 1 each 
was from Illinois, Maryland, Massachusetts, and Virginia. 
Species identification was confirmed with the Vitek 2 auto- 
mated system (bioMerieux Vitek Systems Inc., Hazelwood, 
MO, USA). The S. enterica serovar Senftenberg isolate was 
further classified by serotyping (12). A previously identified 
NDM-l-producing K. pneumoniae isolate (OS-506) from 
Sweden (13) was used as a positive control for phenotypic 
and molecular characterization methods, including strain 
typing of K. pneumoniae isolates. As part of a public health 
intervention for each of these isolates, an epidemiologist 
from CDC contacted local health departments and provid- 
ers to identify characteristics of patients from whom NDM- 
producing isolates were obtained. 

Susceptibility to Selected Antimicrobial Agents 

MICs of amikacin, aztreonam, cefotaxime, cefepime, 
ciprofloxacin, colistin, doripenem, ertapenem, gentami- 
cin, imipenem, meropenem, polymyxin B, tetracycline, 
tigecycline, and trimethoprim/sulfamethoxazole were de- 
termined by using reference broth microdilution (BMD) 
with panels prepared in-house according to Clinical and 
Laboratory Standards Institute (Wayne, PA, USA) guide- 
lines (7(5) and stored at -70°C until use. MICs of tigecycline 
were interpreted according to breakpoints established by 
the US Food and Drug Administration (Silver Spring, MD, 
USA) (www.rxlist.com/tygacil-drug.htm). E. coli ATCC 
25922, K. pneumoniae ATCC BAA-2146, P. aerugino- 
sa ATCC 27853, Staphylococcus aureus ATCC 29213, 
and Enterococcus faecalis ATCC 29212 were used for 
quality control. 


BMD Screening for Metallo-p-Lactamase 

MICs in the absence and presence of a combination of 
0.2 mmol/L EDTA (Sigma- Aldrich, St. Louis, MO, USA) 
and 0.02 mmol/L 1,10-phenanthroline (Acros Organics, 
Geel, Belgium) were determined as described (7 7) by using 
screening wells containing IMP at concentrations ranging 
from 0.25 pg/mL through 1,024 pg/mL. A ratio >4 in the 
IMP MIC compared with the IMP MIC in the presence of 
chelators (IMP -I- EP) was considered a positive result for 
MBL production. K. pneumoniae ATCC BAA-2146 and P. 
aeruginosa ATCC 27853 were used as positive and nega- 
tive controls, respectively. 

Modified Hodge Test 

The Modifled Hodge test (MHT), which is recom- 
mended by Clinical and Laboratory Standards Institute as a 
conflrmatory test for carbapenemase production (16), was 
performed for each strain with 10-pg disks containing me- 
ropenem and ertapenem (Becton-Dickinson, Sparks, MD, 
USA). K. pneumoniae ATCC BAA-1705 and BAA-1706 
were used as positive and negative controls, respectively. 

Etest for Detection of MBLs 

Detection of MBLs was performed with Etest MBL 
strips (AB bioMerieux, St. Louis, MO, USA) containing 
IMP (IP) and IMP -I- EDTA (IPI). Strips were used accord- 
ing to instructions provided by the manufacturer. 

Detection of and by Real-Time PCR 

A multiplexed Taqman-based real-time PCR for 
and bla^^^, as well as the universal bacterial 16S 
rRNA-encoding gene (18) as an endogenous control 
for DNA ampliflcation, was performed on the 7500 Fast 


Table 1. Epi(jemiologic information for New Delhi metallo-P-lactamase-prociucing isolates, United States, April 2009-March 2011* 


Patient 

no. 

Isolate no. 

Organism 

Date of 
isolation 

State 

Isolation 

site 

Patient 

age 

Patient and travel history 

1 

1000654 

Enterobacter cloacae 

2009 Apr 

MA 

Urine 

65 y 

Flospitalized in India before coming 
to United States (S) 

2 

1000527 

Klebsiella pneumoniae 

2009 Dec 

CA 

Urine 

73 y 

Flospitalized in India before 
returning to United States (8) 

3 

1001728 

Escherichia coli 

2010 May 

IL 

Urine 

41 y 

Chronic medical problems; traveled 
to India 3-4 mo before 
positive culture. No known 
hospitalizations during travel (8) 

4 

1100192 

K. pneumoniae 

2010 Sep 

CA 

Resp. 

13 mo 

Flospitalized in Pakistan 5 months 
before admission in 
United States (10) 

5 

1100101 

E. coli 

2010 Oct 

VA 

Resp. 

67 y 

Received medical care in India but 
not hospitalized 

6 

1100770 

K. pneumoniae 

2010 Dec 

CA 

Urine 

70 y 

Flospitalized for 1 mo in India 
before transfer to US hospital 

7 

1100975 

1101168 

K. pneumoniae 
Salmonella enterica 
serovar Senftenberg 

2011 Jan 
2011 Feb 

MD 

MD 

Resp. 

Feces 

60 y 

Flospitalized in India before transfer 
to US hospital (12) 

8 

1101459 

K. pneumoniae 

2011 Mar 

CA 

Bloo(J 

57 y 

Flospitalized in India; subsequently 
hospitalized in United States 


*Resp., respiratory sample. 
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system (Applied Biosystems, Carlsbad, CA, USA). Cell ly- 
sates were prepared as described (79). Each PCR (20-|iL 
volume) included lx QuantiFast Probe PCR Master Mix 
(QIAGEN, Valencia, CA, USA), a combined primer/probe 
solution with final concentrations of 500 nmol/L for each 
primer and 250 nmol/L for each probe (Table 2), and 2 pL 
of template. Included in each assay were a b/a^^j^-positive 
control {K. pneumoniae ATCC BAA-2146), a 
positive control {K. pneumoniae ATCC BAA- 1705), a 
carbapenemase -negative control {K. pneumoniae ATCC 
BAA- 1706), and a no template control. Cycling conditions 
were a 3-min enzyme activation step at 95°C, followed by 
40 cycles for 3 s at 95°C and 30 s at 60°C. 

Reactions with 16S cycle threshold (C^) values of 
10-30 were considered valid, those with NDM or KPC C^ 
values of 10-30 were considered NDM positive or KPC 
positive, and those with NDM or KPC C^ values >40 were 
considered NDM negative or KPC negative (www.cdc. 
gov/HAI/settings/lab/kpc-ndml -lab-protocol.html). 

DNA Sequence Analysis of 

Forward and reverse primers outside the bla^^^ coding 
region (Table 2) were used to amplify a 1,0 13 -bp product. 
Bidirectional DNA sequencing of bla^^^ was determined 
from independent products with primers used for amplifi- 
cation, as well as bla^^^ internal primers (Table 2). 

Plasmid Isolation and Transformation 

Plasmid DNA was isolated from 50-mL overnight 
cultures by using a Plasmid Midi Kit (QIAGEN) accord- 
ing to the manufacturer’s protocol. To enhance the yield 
of large, low-copy plasmids, DNA was eluted with elution 
buffer prewarmed to 65°C. E. coli DHIOBTI competent 
cells (Invitrogen, Carlsbad, CA, USA) were transformed 
with plasmid DNA by electroporation (Gene Pulser Xcell; 


Bio-Rad Laboratories, Hercules, CA, USA) according to 
the manufacturer’s instructions. Transformants were se- 
lected on Luria-Bertani agar containing 1 pg/mL of me- 
ropenem and were screened by real-time PCR for bla^^^. 
Transformant plasmid DNA was evaluated by electropho- 
resis, and a representative transformant containing a sin- 
gle NDM-encoding plasmid was chosen for further study 
(designated by TF suffix). E. coli NCTC50192, which con- 
tained 4 plasmids (=154, 66, 38, and 7 kb) {20), and E. coli 
V517, which contained 8 plasmids ranging from «56.4 kb 
to 2.2 kb (27), were used as plasmid size standards. 

Characterization of h/a^^^-bearing Plasmids 

Plasmid DNA from each transformant was digested 
with Xmnl (New England Biolabs, Ipswich, MA, USA), 
separated by electrophoresis, transferred to a nylon mem- 
brane (Zeta-Probe; Bio-Rad Laboratories), and hybrid- 
ized with an 808-bp digoxigenin (DIG)-labeled bla^^^ 
probe (Table 2) by using the PCR DIG Probe Synthesis 
Kit (Roche Applied Science, Mannheim, Germany). Hy- 
bridization at 42°C, washes, and detection by using a DIG 
Luminescent Detection Kit (Roche Applied Science) were 
performed according to the manufacturer’s instructions. 

NDM-encoding plasmids were assigned to an incom- 
patibility group by using PCR replicon typing as described 
(22). Additional P-lactamases that were co-transferred with 
each b/aj^j^j^-carrying plasmid were identified by using the 
Check-MDR CTlOl Microarray Assay (Check-Points BV, 
Wageningen, the Netherlands), which detects genes en- 
coding extended-spectrum P-lactamases (ESBLs) (TEM, 
SHV, and CTX-M), plasmid-mediated AmpCs (CMY, 
DHA, FOX, MOX, ACC, MIR, and ACT), as well as KPC 
and NDM (25). PCR was used to screen for armA and rmtC 
16S rRNA methylase genes that confer resistance to ami- 
noglycosides {24). 


Table 2. Sequences of primers and probes used for identification of NDM-producing isolates, United States, April 2009-March 2011* 

Assay 

Primers and probes 

Sequence, 5' ^ 3' 

Real-time PCR:NDM/KPC screen 

NDM, forward primer 
NDM, Reverse primer 
NDM, probe (HEX)f 
KPC, fonward primer 
KPC, reverse primer 
KPC, probe (FAM)t 
16S, forward primer 
16S, reverse primer 
16S, probe (CY5)f 

GAC CGC CCA GAT CCT CAA 
CGC GAC CGG CAG GTT 
TG GAT CAA GCA GGA GAT 
GGC CGC CGT GCA ATA C 
GCC GCC CAA CTC CTT CA 
TG ATA ACG CCG CCG CCA ATT TGT 
TGG AGC ATG TGG TTT AAT TCG A 
TGC GGG ACT TAA CCC AAC A 
CA CGA GCT GAC GAC ARJC CAT GCA 

DNA sequence analysis§ 

NDM-1 forward 
NDM-1 reverse 

ACT CGT CGC AAA GCC CAG 
CTC ATG TTT GAA TTC GCC C 

Internal DNA sequencing primers 

NDM-2F 

NDM-2R 

ACA AGA TGG GCG GTA TGG A 
CGT CCA TAC CGC CCA TCT 

DIG-labeled probe synthesis 

NDM-F1 

NDM-R1 

GAA TTG CCC AAT ATT ATG CAC C 
AGC GCA GCT TGT CGG CCA TG 


*NDM, New Delhi metallo-p-lactamase; KPC, Klebsiella pneumoniae carbapenemase; DIG, digoxigenin. 

tNDM probes were labeled with HEX, KPC probes were labeled with FAM, and 16S probes were labeled with CY5 at their 5' ends. Each contained a 
black hole quencher at the 3' end. 

$R, A or G (International Union of Biochemistry codes for DNA bases). 

§Amplification using primers NDM-1 forward and NDM-1 reverse, both located outside the coding region of bla^oM, results in a 1,013-bp product. 
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Pulsed-Field Gel Electrophoresis 

Pulsed-field gel electrophoresis (PFGE) was per- 
formed by using the CHEF mapper electrophoresis system 
(Bio-Rad Laboratories) with J3>al-digested K. pneumoniae 
and E. coli chromosomal DNA, as described for E. coli 
(www.cdc.gov/pulsenet/protocols.htm). PFGE patterns 
were compared by using the Dice coefficient and clustering 
by using the unweighted-pair group method with average 
linkages (Bionumerics version 5.10; Applied Maths Inc., 
Austin, TX, USA). 

Multilocus Sequence Typing 

Multilocus sequence typing (ML ST) was used to clas- 
sify K. pneumoniae and E. coli isolates. This procedure was 
performed and results were interpreted according to proto- 
cols on the Institut Pasteur MLST database website (www. 
pasteur.fr/recherche/genopole/PF8/mlst) (25,26). 

Clinical and Epidemiologic Information 

We identified by real-time PCR and DNA se- 

quence analysis for 9 clinical isolates received at the Cen- 
ters for Disease Control and Prevention during January 
2010-April 2011 from 8 patients (Table 1) in 5 states. Two 


NDM-producing Enterobacteriaceae, United States 

isolates, K. pneumoniae 1100975 and S. enterica serovar 
Senftenberg 1 101168, were isolated from the same patient 
1 month apart from a clinical specimen and a surveillance 
specimen, respectively (12). NDM-producing Enterobac- 
teriaceae were isolated from a variety of specimen sourc- 
es, including urine (4/9), respiratory samples (3/9), feces 
(1/9), and blood (1/9) (Table 1), and mostly represented 
colonization. All 8 patients (age range 13 months-73 
years, median 62.5 years) had a recent travel history (with- 
in 4 months) that included India or Pakistan, during which 
6 patients received inpatient medical care, and 1 received 
outpatient medical care. One patient was a citizen of India 
who traveled frequently between the United States and In- 
dia. All medical exposures abroad resulted from medical 
problems that occurred in that country; none of the patients 
had traveled for the purpose of obtaining medical care (i.e., 
medical tourism). 

Antimicrobial Drug Susceptibility Patterns 

All 9 NDM-producing isolates from the United States 
and K. pneumoniae OS-506 from Sweden were resistant 
to all P-lactams tested (including carbapenems and az- 
treonam), ciprofloxacin, amikacin, and gentamicin, and 


Table 3. Antimicrobial drug susceptibility profiles of NDM-producing isolates collected and Escherichiacolitransformanis, United 
States, April 2009-March 2011* 


Modified 

Broth microdilution Hodge 

Isolate MIC, pg/mL MBL screen result test result 


no. 

Organism 



CTX 


ATM 

DOR 


MER 

IMP 

IMP+EPt 

h<atio 

MBL 

ETP/MER 

PBgjftTM 

Klebsiella 

<0.5 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

>32 

1 

>64 

+ 

-/- 

1100770 

pneumoniae 
K. pneumoniae 

2 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

32 

0.5 

64 

+ 

+/- 

1100975 

K. pneumoniae 

2 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

32 

1 

32 

+ 

+/+ 

1100192 

K. pneumoniae 

1 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

8 

<0.5 

>16 

+ 

+/- 

1000527 

K. pneumoniae 

>4 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

>32 

<0.5 

>64 

+ 

+/+ 

1101459 

K. pneumoniae 

2 

>8 

>64 

>32 

>64 

>8 

>4 

8 

16 

<0.5 

>32 

+ 

+/+ 

1101168 

Salmonella 

1 

0.5 

>64 

>32 

>64 

8 

>4 

8 

4 

<0.5 

>8 

+ 

+/+ 


enterica 

serovar 

Senftenberg 


1100101 

1001728 

t. coll 
E. coli 

<0.5 

<0.5 

>8 

>8 

>64 

>64 

>32^ 

>32 

16 

>8 

>8 

>4 

>4 

>8 

>8 

^16 

8 

1 

<0.5 

16^ 

>16 

+ 

+ 

+7= 

+/+ 

1000654 

Enterobacter 

cloacae 

>4 

>8 

>64 

>32 

>64 

>8 

>4 

>8 

>32 

4 

>8 

+ 

+/+ 

OS-506 

TF 

<0.5 

<0.25 

>64 

16 

64 

4 

4 

4 

4 

<0.5 

>8 

+ 

+/+ 

1100770 

TF 

<0.5 

<0.25 

>64 

32 

32 

4 

8 

4 

4 

<0.5 

>8 

+ 

+/- 

1100975 

TF 

<0.5 

<0.25 

>64 

16 

32 

4 

4 

4 

2 

<0.5 

>4 

+ 

+/- 

1100192 

TF 

<0.5 

<0.25 

>64 

16 

<2 

2 

2 

1 

2 

<0.5 

>4 

+ 

+/+ 

1000527 

TF 

<0.5 

<0.25 

>64 

32 

8 

8 

8 

8 

4 

<0.5 

>8 

+ 

+/+ 

1101459 

TF 

<0.5 

<0.25 

>64 

16 

<2 

4 

4 

4 

4 

<0.5 

>8 

+ 

+/+ 

1101168 

TF 

<0.5 

<0.25 

>64 

16 

<2 

8 

>8 

8 

8 

<0.5 

>16 

+ 

+/+ 

1100101 

TF 

<0.5 

<0.25 

>64 

>32 

>64 

>8 

>8 

16 

8 

<0.5 

>16 

+ 

+/+ 

1001728 

TF 

<0.5 

<0.25 

>64 

32 

32 

8 

8 

8 

8 

<0.5 

>16 

+ 

-/+ 

1000654 

TF 

<0.5 

>8 

>64 

>32 

>64 

>8 

>8 

32 

32 

<0.5 

>64 

+ 

+/+ 

Recipient 

£. coli DH- 
10BT1 

<0.5 

<0.25 

<0.12 

<0.5 

<2 

<0.12 

<0.12 

<0.12 

<0.5 

<0.5 

<1 


-/- 


*NDM, New Delhi metallo-p-lactamase; MBL, Ambler class B metallo-p-lactamase; TGC, tigecycline; SXT, trimethoprim/sulf amethoxazole; CTX, 
cefotaxime; FEP, cefepime; ATM, aztreonam; DOR, doripenem; ETP, ertapenem; MER, meropenem; IMP, imipenem; EP, chelation; TF, transformant. 
tIMP + EDTA + 1 ,10-phenanthroline, pg/mL. 
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demonstrated MICs <1 |ig/mL for eolistin and polymyxin 
B; 7/9 were suseeptible (MIC <2 pg/mL) to tigeeyeline. 
Only 2 isolates were suseeptible to tetraeyeline, and only 
the S. enterica serovar Senftenberg isolate was suseep- 
tible to trimethoprim/sulfamethoxazole (Table 3). 

Detection of NDM Producers 

Although eaeh of the 9 isolates showed resistanee 
to earbapenems, deteetion of earbapenemase aetivity by 
using the MHT was variable (Table 3). Six of 9 isolates 
had a positive MHT result for meropenem and ertapen- 
em, and 3 were positive for ertapenem but negative for 
meropenem. K. pneumoniae OS-506 was MHT negative 
for both earbapenems. The Etest MBL result was posi- 
tive for K. pneumoniae OS-506 and for 6/9 isolates from 
the United States (IPTPI ratio >12). The remaining 3 iso- 
lates showed either a phantom zone or deformed ellipse, 
whieh are also indieative of an MBL aeeording to the AB 
Biodisk information, although deformation of the ellipse 
ean be diffieult to reeognize {10). The BMD MBL sereen 
provided the most eonelusive results for MBL deteetion: 
all 9 isolates and K. pneumoniae OS-506 demonstrated an 
MIC IMP:IMP-l-EP ratio >8, whieh is indieative of MBL 
produetion (Table 3). 

Sequencing of the Gene 

DNA sequeneing of bla.^^^ from eaeh of the 9 isolates 
showed that 8 eneoded NDM-1, but the eoding sequenee 
in E. coli 1100101 and its transformant differed from that 
of j (GenBank aeeession no. FN396876) by a C— >T 
modifieation at nueleotide position 698, resulting in an 
alanine— > valine substitution at aa 233 in the inferred pro- 
tein. This novel NDM variant has been designated NDM-6 
(G.A. Jaeoby and K. Bush, www.lahey.org/Studies) and its 
sequenee has been deposited in GenBank under aeeession 
no. JN967644. 


Antimicrobial Drug Resistance 
Transferred on the Plasmid 

Beeause the NDM-produeing isolates from the United 
States and K. pneumoniae OS-506 from Sweden eontained 
multiple plasmids (range 3-6 plasmids), the h/a^^j^j^-bear- 
ing plasmid from eaeh isolate was transferred to a plas- 
mid-negative E. coli by eleefroporation. A transformant 
earrying only the bla^^^-be?ixmg plasmid was ehosen for 
further study. 

Eight transformants were either resistant or intermedi- 
ate to eefepime, eefotaxime, and all earbapenems tested, 
but transformant 1100192-TF was suseeptible to merope- 
nem (Table 3). Five transformants remained resistant to 
aztreonam, indieating that an additional resistanee meeha- 
nism (e.g., AmpC or ESBL) was also earried on the NDM- 
eneoding plasmid beeause MBLs do not independently hy- 
drolyze aztreonam. Resistanee to amikaein and gentamiein 
was eo-transferred in 7 instanees, but 1 100192-TF remained 
suseeptible to both drugs, and 1 10010 1-TF was resistant 
only to amikaein. All transformants remained suseeptible 
to eiprofloxaein and tetraeyeline, and only 1000654-TF 
showed resistanee to trimethoprim/sulfamethoxazole. 

The MHT identified earbapenemase aetivity in all 
transformant strains, although 3 were positive with only 1 
of 2 earbapenems (Table 3). Only transformant 1000654- 
TF showed an Etest MBL IP:IPI ratio >8; the remainder 
had either a phantom zone or an ellipse deformation. The 
BMD MBL sereening method deteeted MBL produetion in 
all transformants (Table 3). 

Additional P-laetamase genes earried in parental 
strains and transformants were identified by using the 
Cheek-MDR CTlOl mieroarray assay {23) (Table 4). Three 
transformants that remained suseeptible to aztreonam had 
only the NDM P-laetamase. Transformants with aztreonam 
resistanee earried either a CMY-II-type AmpC (n = 4) or a 
CTX-M-l-type ESBL (n = 2), in addition to 


Table 4. Antimicrobial drug resistance determinants detected in clinical isolates and transformants, and incompatibility group 


assignment of blai 


i-bearing plasmids, United States, April 2009-March 2011* 










Determinant 

KpOS- 

506 

Kp 

1100770 

Kp 

1100975 

Kp 

1100192 

Kp 

1000527 

Kp 

1101459 

Sal 

1101168 

E. coli 
1100101 

E. coll 
1001728 

£. clo 
1000654 

E. 

coli R 

(3-lactam 

resistance 

genesf 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 

1 

TF 


bl3cTX-M-^-Type 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

- 

- 

+ 

+ 

- 

- 

+ 

+ 

- 

blBcm-W-Jype 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

+ 

- 

+ 

+ 

- 

- 

- 

biBNDM 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

Aminoglycoside 

resistance^ 

armA 

+ 

+ 

+ 

+ 

+ 

+ 

ND 

ND 





+ 

+ 





+ 

+ 


rmtC 

- 

- 

- 

- 

- 

- 

ND 

ND 

+ 

+ 

- 

- 

- 

- 

- 

- 

+ 

+ 

- 

- 

- 

Plasmid 

repliconf 


A/C 


A/C 


A/C 


UT 


A/C 


UT 


L/M 


Fll 


A/C 


Fll 



*Kp, Klebsiella pneumoniae] Sal, Salmonella enterica serovar Senftenberg; E. coli, Escherichia coli] E. Clo, Enterobacter cloacae] R, recipient; I, isolate; 
TF, E. coli DH-10BT1 transformant containing a single New Delhi metallo-p-lactamase-encoding plasmid; +, target detected by the assay; target not 
detected by the assay; ND, not done (aminoglycoside resistance was not transferred); UT, untypeable by PCR replicon typing (22). 
fDetected by using the Check-MDR CT101 microarray assay (23). 
t Detected by PCR. 
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Four of 8 transformants resistant to amikacin and 
gentamicin contained armA, and 2 contained rmtC 
(Table 4), both of which are 16S rRNA methylase genes 
that confer high-level resistance to nearly all aminogly- 
cosides {24). The mechanism conferring aminoglycoside 
resistance in the remaining 2 transformants was not 
caused by armA or rmtC (Table 4) and was not character- 
ized further. 

-bearing Plasmids 

The incompatibility groups of NDM-encoding plas- 
mids were primarily A/C (n = 4), but also included FII 
(n = 2), L/M (n = 1) and 2 plasmids that were untypeable 
(Table 4). Eight restriction patterns were observed 
among the NDM-encoding plasmids isolated from trans- 
formants of the isolates from the United States and isolate 
OS-506 from Sweden (Figure 1). Plasmid restriction pro- 
files from K. pneumoniae OS-506 and 2 K. pneumoniae 
isolates (1100770 and 1100975) were indistinguishable. 
Each isolate carried bla^.^^ on an Xmnl fragment of »6 
kb (Figure 1) and had similar transferred antimicrobial sus- 
ceptibility profiles (Table 3); carried the same ESBL and 
AmpC genes; and had plasmid replicon type A/C (Table 
4). Other bla.^^^-be?ixmg plasmids were diverse, includ- 
ing those isolated from the same patient {K. pneumoniae 
1100975 and S. enterica serovar Senftenberg 1101168) 
(Figure 1). 

A I 2 3 4 5 6 7 8 9 10 11 12 13 14 


Strain Typing 

The K. pneumoniae isolates with indistinguishable 
bla.^^^ plasmid profiles were closely related by PFGE, 
and all were classified as sequence type (ST) 14 by MLST 
(Figure 2) {13). The remaining K. pneumoniae (Figure 2) 
and E. coli (data not shown) isolates showed more diverse 
PFGE patterns and MLST types, including ST37, STll, 
and ST147. E. coli isolates were identified as ST500 and 
ST43. For most isolates, ST43 corresponds to STD 1 in the 
MLST scheme of Wirth et al. (27) (S. Brisse, pers. comm.). 

Conclusions 

The 9 NDM-producing isolates described were re- 
sistant to all P-lactams, including aztreonam, as well as 
all commonly used aminoglycosides and fluoroquino- 
lones. In addition to NDM, each isolate carried >1 other 
P-lactamase, including CMY -Il-type AmpCs and/or CTX- 
M-l-type ESBLs (which co-transferred with NDM for all 
but 3 isolates). Most bla.^^^-be?ixmg plasmids also carried 
armA or rmtC 16S rRNA methylase genes, which con- 
fer high-level resistance to most aminoglycosides and are 
often associated with these plasmids {24,28). Although 
resistance to ciprofloxacin and tetracycline did not trans- 
fer with the b/Uj.jpj^-bearing plasmid, trimethoprim/sulfa- 
methoxazole resistance was conferred to 1 transformant. 
For several strains, the transformant displayed decreased 
carbapenem resistance compared with a parental strain 

B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 



kb 

kb 

M 

^ - rr n -’2 

17 _ 

n 


11 — 


•• * 1 « 5 

6 — 


— 4 



— 3 



-2 



% -17 



— 1 

1 — 


Figure 1. Xmnl restriction anaiysis of New Deihi metaiio-p-iactamase (NDM)-encoding piasmids, United States, Aprii 2009-March 2011, 
from transformants (A) and subsequent Southern biot anaiysis with digoxigenin-iabeied probe hybridized to a biot of same gei (B). 
Lane 1, NDM PCR product, positive controi; iane 2, NDM-negative piasmid (ATCC-1705); lanes 3 and 14, 1-kb plus marker; lane 4, TF 
OS-506; lane 5, TF 1100770; lane 6, TF 1100975; lane 7, TF1100192; lane 8, TF 1000527; lane 9, TF 1101459; lane 10, TF 1101168; lane 
11, TF 1100101; lane 12, TF 1001728; lane 13, TF 1000654. 
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PFGE Pattern 



MLST 

Isolate 

Location 

STM 

OS-506 

Sweden 

STM 

1100770 

CA 

STM 

1100975 

MD 

ST37 

1100192 

CA 

ST11 

1000527 

CA 

STM7 110M59 

CA 


Figure 2. Dendrogram showing 
puised-fieid gei eiectrophoresis 
(PFGE) anaiysis and muitiiocus 
sequence typing (MLST) 
resuits for New Deihi metaiio-p- 
iactamase-producing Klebsiella 
pneumoniae isoiates, United 
States, Aprii 2009-March 2011. 
Scaie bar indicates % simiiarity. 
CA, Caiifornia; MD, Maryiand. 


(e.g., 1100192-TF), suggesting that additional mecha- 
nisms (e.g., AmpC and ESBL) present in the parental 
strain and not carried on the NDM-encoding plasmid may 
have contributed to the initial carbapenem-resistant En- 
terobacteriaceae phenotype observed. These findings em- 
phasize the diversity of resistance mechanisms carried on 
NDM-encoding plasmids, as reported {28). 

We used 3 screening methods for phenotypic detec- 
tion of MBL activity: MHT, Etest MBL, and BMD MBL. 
The MHT was not sensitive for detection of NDM activ- 
ity; 3 isolates were positive only for 1 carbapenem tested, 
and K. pneumoniae OS-506, the first characterized NDM- 
producing isolate (75), was negative for both carbapenems. 
Etest MBL definitively identified 6 parental isolates and 1 
NDM-producing transformant as MBL producers, but 3 
parental strains and 8 transformants displayed a phantom 
zone or slight deformation of the IP or IPI ellipse. The Etest 
MBL package insert states that these findings are indicative 
of an MBL, but the ellipse deformation we observed was 
subtle and less dramatic than the example provided. The 
BMD MBL screen provided the most unambiguous results, 
and yielded IMP to IMP -l- EP MIC ratios >8 for all NDM- 
producing parental and transformant strains. In an earlier 
validation study, this BMD MBL screen had a sensitivity 
of 95% and a specificity of 100% (29). 

We reliably detected bla^^^ with a novel multiplexed 
real-time PCR designed to detect the bla^^^ and bla^.^^ 
genes. DNA sequence analysis confirmed the PCR results 
and identified the allele in each isolate. One isolate 

contained a variant allele designated An NDM- 

6-producing E. coli strain was also recently identified in a 
patient in New Zealand who had received medical care in 
India {30). 

Plasmids carrying bla.^^^ have been reported to range 
in size from 50 through 400 kb {14,15). Because all isolates 
in this report carried multiple plasmids, it was necessary to 
transfer the NDM-encoding plasmid to a plasmid-negative 
recipient for analysis. Three K. pneumoniae isolates, includ- 
ing the original NDM-producer from Sweden (75), con- 


tained an =170-kb bla^^^hcwcing plasmid, and each isolate 
was indistinguishable by restriction analysis and Southern 
blot. These strains were also closely related by PFGE and 
MLST (ST14). Furthermore, the antimicrobial drug suscep- 
tibility profiles of their parental and transformant isolates 
were similar. In contrast, the remaining isolates contained 
different bla.^^^-be?ixmg plasmids ranging in size from 100 
kb through 200 kb, carried bla^^^ on different restriction 
fragments, and were not related by PFGE or MLST. Most 
of the h/Uj^j^j^-bearing plasmids belonged to incompatibility 
groups TVC or L/M, both broad host range plasmids, and 
FII, a narrow host range plasmid (57). All 3 replicon types 
have been found to be associated with a variety of P-lactam 
resistance mechanisms in Enterobacteriaceae (52). These 
findings were consistent with reports of extensive diversity 
among bla^^^-hemng plasmids in Enterobacteriaceae {14). 

The MLST types identified among NDM-producing K. 
pneumoniae described here have been associated with vari- 
ous resistant strains of K. pneumoniae worldwide {28,33). 
STll, ST147, and ST15, a single locus variant of ST14, 
have been identified as epidemic clones of CTX-M-15- 
producing K. pneumoniae in Hungary {34). In addition, 
STll is the dominant KPC-producing strain in China (55) 
and is a single locus variant of ST258, the dominant KPC- 
producing strain in the United States (2). STll NDM-pro- 
ducing K. pneumoniae strains were among the first NDM- 
producing Enterobacteriaceae reported in New Zealand 
{30), and ST147 NDM-producing K. pneumoniae isolates 
have been reported in Switzerland {28), Canada {36), Aus- 
tralia (57), and in an Iraqi patient transferred to a hospital 
in France {28). ST 14 has been identified among KPC-pro- 
ducing strains in the United States {38), and is associated 
with NDM-producing K. pneumoniae isolates in Kenya 
and the Sultanate of Oman {28), and as the most frequently 
encountered ST in a recent study of NDM-l-producing K. 
pneumoniae from 3 countries (55). We also report a ST43/ 
ST131 NDM-producing E. coli strain in our study. This 
clone is most notably associated with the global dissemina- 
tion of the CTX-M-15 ESBL (59). 
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Each patient associated with the isolates described here 
had recently been in India or Pakistan, and most had received 
inpatient medical care in those countries. The link between 
NDM acquisition and health care exposure abroad has been 
extensively described (4,15,40). However, 1 patient only 
had outpatient health care during travel, and another had no 
documented health care, although the second patient had 
several active medical problems, including the presence of 
an invasive medical device during travel. In contrast to the 
early NDM case-patients reported in the United Kingdom 
(75), none of the patients in our study had traveled specifi- 
cally for the purpose of obtaining medical care. 

Several factors contribute to the global dissemination of 
as it spreads through a variety of plasmids and bac- 
terial strains. The environmental and epidemiologic factors 
driving this spread and the molecular mechanisms by which 
it disseminates are not well understood. However, in the 3 
years since its initial description, NDM has spread rapidly 
worldwide and has now been described in >15 countries in 5 
continents (4,8). Since the completion of this study, numer- 
ous additional NDM-producing Enterobacteriaceae have 
been identified in the United States. The relative ease with 
which this resistance mechanism appears to move within 
and between different bacterial genera, as well as mobility of 
humans infected or colonized with NDM producers, serves 
to highlight the need for reliable and rapid means of detect- 
ing drug-resistant organisms to implement infection control 
measures to prevent further dissemination. 
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During the past century, 4 influenza pandemics oc- 
curred. After the emergence of a novel influenza virus of 
swine origin in 1976, national, state, and local US public 
health authorities began planning efforts to respond to fu- 
ture pandemics. Several events have since stimulated prog- 
ress in public health emergency planning: the 1997 avian 
influenza A(H5N1) outbreak in Hong Kong, China; the 2001 
anthrax attacks in the United States; the 2003 outbreak of 
severe acute respiratory syndrome; and the 2003 reemer- 
gence of influenza A(H5N1) virus infection in humans. We 
outline the evolution of US pandemic planning since the late 
1970s, summarize planning accomplishments, and explain 
their ongoing importance. The public health community’s 
response to the 2009 influenza A(H1N1)pdm09 pandemic 
demonstrated the value of planning and provided insights 
into improving future plans and response efforts. Pre- 
paredness planning will enhance the collective, multilevel 
response to future public health crises. 


Historical Background 

Influenza pandemics occur when an animal influenza 
vims to which humans have no or limited immunity ac- 
quires the ability, through genetic reassortment or muta- 
tion, to cause sustained human-to -human transmission 
leading to community-wide outbreaks (7). The existence 
of a pandemic is currently determined by the extent of 
disease spread, not by the lethality of the disease caused 
by the novel vims (2). During the twentieth century, in- 
fluenza pandemics occurred in 1918, 1957, and 1968. The 
1918 pandemic, known as the “Spanish flu” pandemic, was 
unique in that the highest number of deaths was among 
young, healthy persons. Excess mortality in the United 
States during the 1918 pandemic was estimated at 546,000 
deaths (5). The pandemics in 1957 and 1968, although 
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associated with death rates greater than those for seasonal 
influenza epidemics (5), were far less devastating than the 
1918 pandemic. 

Before 1976, public health planning for pandemics 
primarily occurred in response to detection of a novel influ- 
enza vims. This reactive mode continued despite the frame- 
work outlined in 1960 by US Surgeon General L.E. Bur- 
ney for responding to the next pandemic. That framework 
involved recognition of the pandemic (i.e., surveillance), 
manufacture and distribution of vaccine, and identifica- 
tion of research needs (4). Large-scale infectious disease 
response planning may have been hampered by the tacit 
assumption that the government’s public health resources 
were better directed to other priorities. 

In January 1976, a novel swine -origin influenza vi- 
ms emerged among soldiers at Fort Dix, New Jersey (5); 
1 soldier died, and an estimated 230 were infected. The 
emergence of influenza vims of swine origin at Fort Dix 
led to the decision to mount a national immunization pro- 
gram ( 6 ). The following events occurred subsequent to this 
decision: Congress funded vaccine production and liability 
indemnification of manufacturers, vaccine was produced, 
a mass immunization campaign commenced, and 45.65 
million persons were vaccinated in the United States (7). 
Initial fears that the vims would cause a pandemic did not 
materialize: sustained transmission did not occur outside of 
Fort Dix. The vaccination campaign began in October 1976 
and was halted in December because of initial reports of a 
rare association between the so-called “swine flu” vaccine 
and Guillain-Barre syndrome; the association was later 
confirmed (7). An influential policy review of the “swine 
flu affair” (i.e., the campaign to immunize the US popu- 
lation against a possible epidemic) identified several criti- 
cal needs for future planning: 1) a more cautious approach 
to interpreting limited data and communicating risk to the 
public, 2) greater investment in research and preparedness, 
3) clearer operational responsibilities within the federal 

^Current affiliation: US Food and Drug Administration, Office of 
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government, 4) elear communieation between planners at 
all levels of government, 5) strengthened loeal capaeity 
for plan implementation, and 6) improved mechanisms for 
program evaluation (5). 

In November 1977, separate from the Fort Dix out- 
break, a strain of human influenza A(HINI) virus re- 
emerged in the former Soviet Union, northeastern China, 
and Hong Kong, China, even though the virus had not cir- 
culated since 1957. This strain primarily affected young 
persons, and caused mild illness (9). The virus was found to 
be closely related to a 1950 A(HINI) strain but dissimilar 
to the 1957 strain, suggesting that this 1977 outbreak strain 
had been preserved since 1950 (9). 

The confluence of fears of a possible pandemic in 1976 
followed by the reemergence of a new strain of circulating 
seasonal influenza virus in 1977 led to focused pandemic 
planning efforts in the United States. The primary purpose 
of this article is to describe US pandemic planning during 
1978-2008, just before the onset of the influenza A(HINI) 
pdm09 pandemic in April 2009. We believe that under- 
standing the historical and policy context within which the 
A(HlNl)pdm09 pandemic occurred is helpful in assess- 
ing the implications of pandemic planning for responses to 
future pandemics and for ongoing infectious disease pre- 
paredness efforts. 

Sources 

We conducted searches of the medical literature and 
key websites (e.g., www.pandemicflu.gov) for peer-re- 
viewed manuscripts and published governmental plans 
relevant to pandemic planning during 1978-2008. We 
also consulted authors’ personal files and the Internet for 
records of speeches, national and international conference 
proceedings, and other unpublished original source docu- 
ments. In addition to published survey data concerning lo- 
cal and state response planning {10,11), we sought unpub- 
lished data from the Association of State and Territorial 
Health Officials, the National Association of County and 
City Health Officials (NACCHO), and the Council of State 
and Territorial Epidemiologists (CSTE). 

Chronology of US Pandemic Planning 

A historical overview of key milestones in US pan- 
demic planning is provided in the Table. In 1977, a fed- 
eral interagency working group on influenza was formed 
at the request of the deputy assistant secretary for health 
in the Department of Health, Education, and Welfare, 
partly in recognition of the need for greater cooperation 
across government “silos.” The interagency group includ- 
ed representatives from the Center for Disease Control 
(CDC; renamed Centers for Disease Control and Preven- 
tion in 1992), the National Institutes of Health, the Food 
and Drug Administration (FDA), and the Department of 


Defense. Under CDC leadership, the work group drafted 
the first US pandemic plan, which was released in 1978 and 
included recommendations for annual influenza immuniza- 
tion of persons at high risk, strengthening of surveillance, 
expanding research, and establishing a planning and policy 
mechanism (72). 

The plan was revised in 1983 to include a new recom- 
mendation to develop means to distribute and use influenza 
antiviral drugs (R.A. Strikas, pers. comm.). Even before 
completion of the pandemic plan, participants of a 1977 
conference on influenza, held by the secretary of the De- 
partment of Health, Education, and Welfare, recommended 
continued federal support for influenza vaccination, par- 
ticularly to increase vaccination levels of persons at high 
risk, to improve pandemic preparedness. In addition, CDC 
implemented a federally funded seasonal influenza immu- 
nization program, which purchased 3.4 and 2.4 million vac- 
cine doses for the 1978-79 and 1979-80 influenza seasons, 
respectively, of which »1 million and >1.4 million doses, 
respectively, were administered. Initial plans were to pur- 
chase 8-9 million doses of vaccine. However, budget con- 
straints limited vaccine purchases and ended the program 
after 1980 {13,14). 

The next major event leading to further US pandemic 
planning was 1986 legislation creating the National Vac- 
cine Program Office (NVPO), which was given a man- 
date to coordinate federal vaccine -related activities. At 
the Options for the Control of Influenza II meeting held in 
1992, a consensus report identified the core components 
of pandemic preparedness: surveillance, vaccines, antiviral 
drugs, nonmedicaPpersonal hygiene measures, communi- 
cations, and enhanced annual seasonal influenza vaccina- 
tion programs (75). In 1993, NVPO formed the federal in- 
teragency Group on Influenza Pandemic Preparedness and 
Emergency Response (GrIPPE). The group, which includ- 
ed nonfederal consultants and representatives from CDC, 
FDA, the National Institutes of Health, and the Department 
of Defense, drafted a pandemic planning framework that 
was published in 1997 {16) and updated by federal staff in 
2002 (77). The GrIPPE-initiated planning documents em- 
phasized the need for enhancements to influenza surveil- 
lance, vaccine production and distribution, antiviral drugs, 
influenza research, and emergency preparedness. Perhaps 
the most consequential outcome of GrIPPE was the cre- 
ation of a core group of public health experts dedicated to 
pandemic planning. 

Global events helped accelerate interest in pandemic 
planning. In 1997, Hong Kong recorded the first outbreak 
of avian influenza A(H5N1) virus infections in humans. 
Virus was transmitted from infected chickens directly to 
humans, and 6 of 18 persons with confirmed infection died. 
In late 1997, >1.5 million chickens were culled through- 
out Hong Kong as part of successful efforts to stem the 
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Table. Timeline of selected key events in pandemic planning, United States, 1978-2008 


Year 


Event 


Outcome or follow-up 


1978 First US pandemic plan, drafted by Federal Interagency 

Working Group on Influenza 

1983 Revision of 1978 US pandemic plan 

1988 Institute of Medicine report, The Future of Public Flealth* 

1992 Options for the Control of Influenza II meeting, Courchevel, 

France 

1997 Publication of elements of the US pandemic preparedness 

plan in Journal of Infectious Disease 

1998 CDC emerging infectious disease 

strategic plan updatef 

1999 Council of State and Territorial Epidemiologists survey data 

published 

1999 World Health Organization Guidelines for Regional and 

National Planning 

2001 Anthrax-related bioterrorism in the United States 

2003 Severe acute respiratory syndrome outbreaks worldwide 

2003 Initial detection of human avian influenza A(H5N1) cases in 

China and Vietnam 

2005 Department of Health and Human Services pandemic 

strategic plan 

2006 Implementation plan for the national strategy for pandemic 

influenza 

2007 Pandemic influenza vaccine allocation guidance^: 


Planning workgroup and its process assisted in strategy for 
addressing 1977-78 influenza A(H1N1) outbreak. 

The revised plan laid groundwork for subsequent planning 
documents. 

The report recognized the need to improve public health 
surveillance and response. 

The meeting led to formation of the US Federal interagency 
Group on Influenza Pandemic Preparedness and 
Emergency Response in 1993. 

The report updated the action plan, and a further update was 
published in 2002 in Clinical Infectious Diseases. 
Pandemic influenza was noted as an emerging infection. 

Enhanced influenza surveillance was recognized as a 
cornerstone of pandemic preparedness. 

The World Health Crganization strongly recommended all 
countries establish National 
Pandemic Planning Committees. 

The federal response increased state/local preparedness 
funding. 

The outbreak led to a globally coordinated response to 
emerging respiratory pathogens. 

The outbreak enhanced attention to pandemic preparedness 
by Department of Health and Human Services and the US 
government, accompanied by additional funding. 

The plan engendered multiple subsequent high-level policy 
documents and plans from the US government. 

This plan led to action steps and a timeline for all pandemic 
planning pillar areas. 

This document preceded the 2009 influenza A(H1N1)pdm09 
vaccine recommendations 


’http://iom.edu/Reports/1988/The-Future-of-Public-Health.aspx 

twww.cdc.gov/mmwr/PDF/rr/rr4715.pdf 

twww.flu. gov/images/reports/pi vaccine aliocation guidance.pdf 


outbreak (18). This event, combined with the 2003 re- 
emergence of A(H5N1) virus, led to concerns that the next 
pandemic would be caused by spread of A(H5N1) virus 
through Asia into Africa and Europe. 

In the United States, despite the crucial role of state 
and local authorities in implementing pandemic plans, a 
1995 CSTE survey indicated that <60% of state health 
departments perceived the need for a state-specific plan 
(10). Through a cooperative agreement between CDC 
and CSTE, a state and local planning effort was begun 
in the fall of 1995. The state Project Steering Committee 
included the GrIPPE co-chairs and representatives from 
CDC, NVPO, CSTE, and the Association of Public Health 
Laboratories. 

A meeting of >40 state and local health officials con- 
vened in September 1996 in Atlanta and identified 4 “pil- 
lars” deemed most critical for state and local pandemic 
preparedness efforts: 1) surveillance, 2) vaccine delivery, 
3) communication and coordination, and 4) emergency re- 
sponse. From this meeting and subsequent subgroup meet- 
ings dedicated to the 4 pillar areas, critical elements of draft 
state and local guidelines were developed by January 1997. 
Four states (Connecticut, Missouri, New Mexico, and New 
York) and 1 local area (East Windsor Township, New 


Jersey) were selected by the state Project Steering Com- 
mittee — primarily on the basis of the identification of a key 
project leader within each jurisdiction — and funded to pilot 
test the draft guidelines; 1 additional state, Maine, volun- 
teered to test the draft guidelines without CSTE support. 
These 5 states conducted pilot tests during February and 
March 1998 and submitted results to CSTE. Findings were 
discussed on April 7-8, 1998, at a meeting in Atlanta. The 
major outcomes from pilot testing were the following rec- 
ommendations: 1) a fifth pillar area, guidance for use of an- 
tiviral drugs, should be added to the guide; 2) the format of 
the guidelines should be more in concert with the national 
plan (18); and 3) all states should receive the revised guide- 
lines to enable development of state-specific plans (R.A. 
Strikas, pers. comm.). These 3 issues were discussed at the 
Association of State and Territorial Health Officials/NAC- 
CHO annual meeting in September 1998 and incorporated 
into the state and local pandemic influenza planning guide- 
lines (R.A. Strikas, pers. comm.), which were then further 
revised. California, Maryland, Minnesota, and South Caro- 
lina were funded through CSTE to develop state plans and 
submitted their model plans in April 2000. 

A national pandemic influenza steering committee was 
subsequently formed; it was comprised of immunization 
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program managers, emergency preparedness personnel, 
and representatives from CDC, CSTE, NACCHO, and the 
Association of Public Health Laboratories (79). A national 
steering committee was a logical extension as the planning 
process moved from a federal to a national effort. 

In 2000, federal funding increased the number of states 
engaged in pandemic plan development. Florida, Indiana, 
Massachusetts, New Hampshire, and New Jersey were 
funded to complete plans by March 2001. In January 2001, 
Kansas, Washington, Nebraska, Connecticut, and New 
York were funded to develop plans by March 2002 (77). 
Throughout this process, all states received the same nomi- 
nal level of funding support, which was typically used to 
convene a statewide stakeholders meeting. Elements criti- 
cal to the planning process included technical support pro- 
vided by the national steering committee and the identifica- 
tion of a key public health professional within each state 
who assumed responsibility for leading and coordinating 
planning efforts. Arkansas, Arizona, and Oregon concur- 
rently developed plans of their own accord; West Virginia, 
Tennessee (1999), and Pennsylvania (1999) had already 
developed plans. Ultimately, funds were sought for every 
state to develop a plan. 

At this early stage in the planning process, the impor- 
tance of disseminating information to the broader public 
health community was recognized. On February 25, 1999, 
and July 13, 2000, CDC presented satellite videoconfer- 
ences on influenza pandemic preparedness for states and 
local areas, which were viewed by >7,000 and >6,000 par- 
ticipants, respectively. State and local public health staff 
engaged in development of pandemic plans participated 
in the broadcasts. At a meeting of state and local plan- 
ners sponsored by CSTE and CDC in Atlanta on Septem- 
ber 12-13, 2000, detailed discussions were held regarding 
1) a scenario of how an influenza pandemic might affect 
states in 2001; 2) how states should enhance surveillance; 
3) how vaccination priorities should be determined, and 4) 
other national and federal pandemic planning issues, such 
as infection control, patient triage, and antiviral drug usage 
(R.A. Strikas, pers. comm.). 

After the September 11, 2001, terrorist attacks on the 
United States, public health preparedness emerged as a pri- 
ority of the federal government. In 2001, bioterrorism emer- 
gency funding support was provided to all states to assist 
in the nation’s response to the anthrax attacks. The 2003 
reemergence of avian influenza A(H5N1) infections in hu- 
mans fundamentally altered the scale of pandemic prepared- 
ness. As the A(H5N 1) virus spread to more countries in East 
and Southeast Asia during 2004-2005, concern grew among 
senior policymakers and public health experts that the world 
was on the verge of an influenza pandemic. A(H5N1) infec- 
tion in humans primarily resulted from exposure to ill poul- 
try and had a case-fatality rate of >60%. Substantial federal 


funding was provided for federal-level planning, procure- 
ment of countermeasures (e.g., vaccines and antiviral drugs), 
development of countermeasures, and state and local pan- 
demic preparedness efforts (20). State health departments 
eventually received $550 million to prepare for an influenza 
pandemic. Additional high-level policy engagement by the 
US federal government included the National Strategy for 
Pandemic Influenza, which was aimounced in November 
2005 (27), and the White House’s National Implementation 
Plan, which was published in May 2006 and addressed fed- 
eral planning and response strategies: international transport 
and border control; protection of human and animal health; 
and security and continuity of operations issues (22). 

In 2006, the Biomedical Advanced Research and De- 
velopment Authority (BARD A) was established within the 
Department of Health and Human Services in response to 
the growing need for a centralized effort to coordinate re- 
search, development, and procurement of countermeasures 
against potential natural or intentional public health emer- 
gencies (23). BARDA preparations for a possible A(H5N1) 
pandemic included development of a stockpile of influenza 
vaccines produced by using strains circulating in poultry 
and wild birds in Asia (24). In addition, the US govern- 
ment began to purchase influenza antiviral medications for 
the Strategic National Stockpile sufficient to treat 25% of 
the US population. Additional investments were initiated 
to procure ventilators and personal protective equipment, 
such as respirators. 

The US government also initiated an advanced devel- 
opment agenda for vaccines, therapeutics, and diagnostics. 
BARDA co-invested with industry to modernize vaccine 
production methods, with the 5-year aim of creating the 
capacity to produce sufficient vaccine to protect the entire 
US population within 6 months of the onset of an influenza 
pandemic (22). The US government invested in moderniz- 
ing diagnostic technologies for public health laboratories. 
In September 2008, FDA approved specific PCR tests for a 
panel of influenza diagnostics to be used in CDC reference 
laboratories in the United States and Department of Defense 
laboratories around the world. This diagnostic test panel will 
detect and identify A(H5N 1 ) infections and distinguish novel 
influenza virus infection from infection with seasonal A, B, 
and A(H1) and A(H3) influenza viruses. BARDA and CDC 
awarded contracts in November 2006 for development and 
evaluation of clinical point-of-care rapid diagnostics to iden- 
tify seasonal influenza viruses and A(H5N1) viruses (25). 

Beginning with its first published pandemic plan in 
1999 (26), the World Health Organization globally pro- 
moted pandemic planning among member states, with con- 
tinued planning efforts thereafter (27). The International 
Partnership on Avian and Pandemic Influenza was formed 
to coordinate support for developing countries’ efforts to 
control the spread of A(H5N1) virus and to prepare for an 
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influenza pandemic. This international body convened a 
series of meetings beginning in January 2006; these efforts 
generated hundreds of millions of dollars in pledges to sup- 
port global pandemic preparedness and promoted a level of 
visibility and readiness that would not otherwise have been 
possible. In addition to direct financial assistance, the US 
government provided technical assistance to help countries 
develop capacities for rapid response, laboratory diagnosis, 
and surveillance. 

The federal government recognized that the foundation 
for domestic pandemic response rests with state and local 
governments; thus, the 2005 Department of Health and Hu- 
man Services strategy and the White House strategy and 
implementation plan called for major efforts in planning, ex- 
ercising, and refining state and local preparedness. The 2006 
Pandemic and All-Hazards Preparedness Act called for a re- 
view of comprehensive state pandemic preparedness plans. 
The federal government reviewed and scored the plans and 
released the results to the public in January 2009 (28); pre- 
paredness levels varied across states and across the domains 
that were scored. In 2008, as part of its local health profile 
survey, NACCHO queried local health departments about 
emergency preparedness and planning activities they had 
undertaken during the past year (29): 89% of 2,332 respond- 
ing health departments said they had developed or updated 
pandemic influenza preparedness plans, and 86% said they 
had participated in tabletop drills or exercises. In addition, 
76% had updated their written response plan on the basis of 
a postexercise after-action report, 72% had participated in 
a functional drill, and 49% had participated in a full-scale 
drill or exercise. A total of 68% of local health departments 
had reviewed existing state legal authorities for isolation and 
quarantine, and 46% had assessed the emergency prepared- 
ness competencies of staff. Only 1% of local health depart- 
ments did none of the above. 

Evolution of the Pillars of 
Pandemic Preparedness 

The 4 pandemic planning pillars — surveillance, vac- 
cine and antiviral drug delivery, emergency response, and 
communication — are a solid foundation for pandemic prep- 
aration. Although state pandemic plans may have different 
structures, reliance on these pillars has remained more or 
less constant across jurisdictions and over time. The major 
contemporary developments in these core areas are sum- 
marized below. 

Surveillance, including rapid detection of human in- 
fection with novel influenza viruses, remains a cornerstone 
of pandemic response. This need has been recognized since 
the early stage of state- and local-based planning (JO). Im- 
provements in diagnostic technology have enabled con- 
firmation of infection with novel influenza viruses within 
hours rather than weeks. Human infection with a novel 


influenza virus became a nationally notifiable disease in 
2007, and since then, an increased number of infections 
have been detected (30). Virologic surveillance is also 
used to determine which seasonal viruses are circulating 
and thus provides information for seasonal vaccine strain 
selection. Systems to measure the effect of seasonal influ- 
enza (i.e., pediatric deaths, hospitalizations, and syndromic 
surveillance) have also been enhanced. These systems have 
been further adapted to measure the effect of pandemic 
influenza (57). The need to maintain ongoing surveillance 
for novel influenza viruses (e.g., viruses of swine or avian 
origin) in humans and animals exemplifies the One Health 
concept (52). 

In recognition that vaccine might be in short supply 
during the early phase of a pandemic, federal vaccine al- 
location guidelines were published in 2008 (55). These 
guidelines laid the groundwork for the pandemic vaccine 
priority-group recommendations put forth during the 2009 
A(HlNl)pdm09 pandemic (34). Antiviral medications are 
critical to a pandemic response, particularly in the interval 
between recognition of the pandemic and the availability 
of vaccine. Plans for using these countermeasures have 
stressed the need for early treatment of affected persons 
and assumed that the drugs would be scarce. 

It was recognized at the 1996 CSTE meeting that close 
coordination between emergency response staff and public 
health authorities is needed to develop and implement ef- 
fective state and local influenza response plans. This rec- 
ognition has strengthened over time. Although, states were 
initially not allowed to use bioterrorism funds awarded in 
200 1 to support pandemic planning, key emergency man- 
agement concepts, including the all-hazards approach and 
unified incident command, were eventually integrated into 
planning efforts (55). 

Communication, more than ever, is a fundamental 
component of any response effort. Timely, transparent, 
and proactive communication is critical, particularly in 
the early stages of a confirmed or suspected outbreak, 
when factual information is limited and the public de- 
mand for information and guidance is high. Continuous 
media coverage and the evolving role of social media (36) 
must be used to enhance communication to and from the 
public, particularly concerning new or evolving recom- 
mendations for disease control. 

Conclusions 

Pandemic planning since 2005 had a direct and obvi- 
ous effect on the response to the 2009 influenza A(HINI) 
pdm09 pandemic; however, pandemic preparedness has 
been a feature of public health since the late 1970s. Co- 
ordinated state and federal planning processes have been 
a consistent feature of that planning. The pillars of pan- 
demic planning response have remained conceptually 
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constant: surveillance; vaccination and delivery of other 
medical countermeasures; emergency response coordina- 
tion; and communications. 

Although the 2009 A(HlNl)pdm09 pandemic 
spread globally within a matter of weeks, a 1918-like 
pandemic did not materialize. Nonetheless, this most re- 
cent pandemic resulted in «12,500 deaths in the United 
States, »90% of which occurred in persons <65 years of 
age ( 37 ). In the wake of this pandemic, the challenge 
in preparedness is to sustain the interest of private and 
public sectors in planning for a large-scale outbreak that 
may have a much more severe effect at a time that can- 
not be predicted. 

Recent assessments of state level epidemiology capac- 
ity revealed potentially critical gaps in personnel and train- 
ing needed for a rapid response to an epidemic ( 38 ). There 
will be a need for continued commitments to support state, 
local, and national planning for the next infectious disease 
emergency. A comprehensive, coordinated, and effective 
response cannot be built at the time of a crisis. For future 
planning and response efforts, sufficient resources are re- 
quired to sustain the public health response infrastructure 
developed during the past decade. 

An effective response to a pandemic requires at least 
4 distinct elements. First, material resources, such as vac- 
cines, antiviral drugs, and personal protective equipment 
are essential. Second, a commitment to planning, exercis- 
ing, and refining plans is necessary. Third, a sufficiently 
large and robustly trained workforce is the basis of any re- 
sponse. Fourth, a commitment to improvement is crucial. 
This concept extends from continuously improving plans 
and training to ensuring that scientific advances are incor- 
porated into procurement and planning. One of the main 
lessons from the history of influenza is to expect the unex- 
pected. Plans and training should be flexible and designed 
to respond to various levels of disease severity or newly 
identified pathogens. Benefits from pandemic preparedness 
will enhance our collective public health response to the 
next infectious disease crisis. 

Dr Iskander is a senior medical consultant in the Office of the 
Associate Director for Science, CDC. 
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During outbreaks of infectious diseases or in cases of 
severely ill patients, it is imperative to identify the causative 
agent. This report describes several events in which virus 
isolation and identification by electron microscopy were 
critical to initial recognition of the etiologic agent, which 
was further analyzed by additional laboratory diagnostic as- 
says. Examples include severe acute respiratory syndrome 
coronavirus, and Nipah, lymphocytic choriomeningitis. West 
Nile, Cache Valley, and Heartland viruses. These cases il- 
lustrate the importance of the techniques of cell culture and 
electron microscopy in pathogen identification and recogni- 
tion of emerging diseases. 

T hin section and negative stain electron microscopy 
(EM) examination of viruses grown in cultured cells 
have been instrumental in determining an etiologic agent in 
numerous disease outbreaks caused by previously unknown 
viruses. Many examples have been reported. In 1976, EM 
of cell culture isolates identified the causative virus of an 
outbreak of hemorrhagic fever in Zaire as a member of the 
family Filoviridae, now known as Zaire ebolavirus {1-3). 
Reston ebolavirus was another previously unrecognized 
virus that was detected by cell culture and EM in 1989; it 
was isolated from cynomolgus monkeys imported into the 
United States from the Philippines {4). In Australia in 1994, 
during an outbreak of fatal respiratory disease in horses and 
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influenza-like illness in humans, a previously unknown vi- 
rus, Hendra virus, was isolated in culture and recognized 
as a member of the family Paramyxoviridae by EM (5,6). 
An outbreak of an unidentified rash illness in humans, as- 
sociated with sick prairie dogs, occurred in the upper mid- 
western United States in 2003, and EM detected a poxvirus 
from a cell culture isolate, which was later characterized as 
monkeypox virus (7,8). Recently, the etiologic agent of se- 
vere fever with thrombocytopenia syndrome in China was 
isolated and identified by EM as a member of the family 
Bunyaviridae (9). 

Inoculation of patient specimens onto cultured cells 
or into laboratory animals enables biologic amplification 
of virus particles to levels where they can be detected by 
EM and identified to a virus family because, with a few 
exceptions {10), the morphologic features of all viruses 
within a given family are the same. Once recognized by 
EM, the findings can be confirmed by other techniques, 
including serologic testing, immunohistochemical (IHC) 
and indirect fluorescence antibody (IF A) assays, and mo- 
lecular methods that can further characterize the virus to 
species and strain. 

Cell culture methods are relatively unbiased, restricted 
only by the ability of the virus to grow in a particular cell 
line. Vero E6 cells, considered one of the most permissive 
of all cell lines, provide an extremely versatile medium for 
recovery of unknown pathogens. EM is also an unbiased 
assay in that there is no need for specific immunologic 
probes, and has the added advantage of being able to detect 
and classify the unknown agent. EM observations of cell 
culture isolates can provide the first clue of an etiologic 
agent and guide subsequent laboratory and epidemiolog- 
ic investigations. Detection of a pathogen is critical dur- 
ing outbreaks because identification of an etiologic agent 
enables public health officials to mount a timely response 
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and limit further spread of the agent involved. In addition, 
pathogen identifieation is invaluable in individual eases of 
severe illness in whieh an infeetion is eaused by an unde- 
termined agent. We report several cases where cell culture 
and EM at the Centers for Disease Control and Prevention 
(CDC) enabled initial recognition and identification of a 
cause of the viral illness. 

Tissue Culture 

Of the variety of tissue culture cells available, many 
are maintained in minimal essential medium at 37°C. Once 
cells have become confluent, they can be inoculated with 
suspensions of ground tissues (e.g., lung, liver), incubated 
for 1 hour, and grown until there is an «3-l- cytopathic ef- 
fect. Cells are then removed from the growth vessel by 
scraping or with glass beads, rinsed with 0.1 mol/L phos- 
phate buffer, centrifuged, and fixed in buffered 2.5% glu- 
taraldehyde for 1 hour. 

Electron Microscopy 

Specimens are postfixed in 1% osmium tefroxide, en 
bloc stained with 4% uranyl acetate, dehydrated through 
a graded series of alcohol and propylene oxide, and em- 
bedded in a mixture of Epon substitute and Araldite. Thin 
sections are stained with 4% uranyl acetate and Reynolds’s 
lead citrate. 

Family Coronaviridae 

Beginning in late 2002, an outbreak of severe pneumo- 
nia associated with human deaths occurred in Guangdong 
Province, China, which escalated to a global pandemic of 
respiratory illness in early 2003. The World Health Orga- 
nization reported 8,098 probable cases in 29 countries, and 
the disease killed 774 persons worldwide (77). Patients 
had an influenza-like illness with fever, cough, dyspnea, 
headache, and consolidation shown on chest radiographs, 
and the disease became known as severe acute respiratory 
syndrome (SARS). Isolation of a virus was achieved in sev- 
eral laboratories around the world by inoculating respira- 
tory specimens onto cell culture, and thin section EM first 
identified the isolate as a coronavirus (72). This finding was 
quickly corroborated by negative stain EM, IHC assay, se- 
rologic testing, and molecular assays. Thus, once the iso- 
late was identified as a coronavirus by EM, the focus of the 
laboratory investigation shifted toward verification of this 
finding. The natural reservoir for the progenitor of SARS 
coronavirus is most likely the Chinese horseshoe bat (Rhi- 
nolophus sinicus) because SARS corona-like viruses were 
identified and characterized in these animals (13,14). 

Coronavirus particles are mostly spherical, some- 
times pleomorphic, and have an average diameter of »80 
nm (Figure 1, panel A). Nascent particles are formed 
when the helical nucleocapsids align along cytoplasmic 


membranes of the budding compartment (the membrane 
region between the rough endoplasmic reticulum and the 
Golgi complex), and virions obtain their membranes by 
budding into the cisternal lumen. Also found in some in- 
fected cells are accumulations of the viral nucleocapsids, 
and double-membrane vesicles that are believed to be the 
replication complex for this virus. Particles accumulate in 
cytoplasmic vesicles, which migrate toward the cell surface 
and fuse with the cell membrane, releasing the virus par- 
ticles. Many virions remain adsorbed to the cell membrane, 
which gives infected cells a characteristic appearance of an 
outer layer of particles (Figure 1, panel B) (75). 

Family Paramyxoviridae 

In Peninsular Malaysia and Singapore during 1998- 
1999, an outbreak of viral encephalitis with a high mor- 
tality rate occurred among men who had been exposed 
to pigs. The illness was characterized by fever and head- 
ache, followed by a rapid deterioration in consciousness; 
>100 deaths were reported. Concurrently, respiratory ill- 
ness increased among pigs in the same region. A virus was 
isolated in Malaysia from cerebrospinal fluid of a patient 
and was identified by EM as a member of the family Para- 
myxoviridae (16,1 7). It was shown to be the etiologic agent 
for human and swine diseases and is now known as Nipah 
virus. Serologic and PCR findings for the isolate indicated 
that Nipah virus was closely related to Hendra virus, a nov- 
el paramyxovirus which had been isolated in Australia in 
1994 (5). The natural reservoir for Nipah virus was found 
to be flying foxes (Pteropus hypomelanus and P. vampy- 
rus) (18). 

Nipah virus particles are pleomorphic and vary greatly 
in size. Particles are composed of a tangle of nucleocapsids 
enclosed within the viral envelope, which contains surface 
projections 12 nm in length (Figure 1, panel C). Negative 
stain EM showed that the helical nucleocapsids have a her- 
ringbone appearance and an average diameter of 21 nm. 
The nucleocapsids can aggregate in the cytoplasm to form 
inclusions or migrate to the cell surface where they become 
tightly apposed with the cell membrane as the virus buds. 
(Figure 1, panel D) (79). 

Family Arenaviridae 

Organ and tissue transplantation have become rela- 
tively common surgical procedures, and on rare occa- 
sions, transplant recipients can become infected when 
a pathogen is transmitted from the donor. The immuno- 
compromised status of the organ recipients enables am- 
plification of the pathogen, which may lead to illness and 
death. In recent years, there have been several unexpected 
donor-derived clusters of infection, including reports of 
transmission of rabies virus. West Nile virus, and Try- 
panosoma cruzi, the etiologic agent of Chagas disease 
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(20-23). In 2 clusters of organ transplantation, 1 in 2003 
and 1 in 2005, symptoms such as unexplained fever, graft 
dysfunction, and altered mental status developed in re- 
cipients; 7 of the 8 recipients died. An etiologic agent was 
isolated from cerebrospinal fluid of a patient in the 2003 
cluster, and identified by EM as belonging to the family 
Arenaviridae. IFA assay and PCR showed that the agent 
was lymphocytic choriomeningitis virus (LCMV), an are- 
navirus transmitted by rodents (24). In immunocompetent 
humans, this virus typically causes a subclinical infection 
that rarely results in death. 

Arenaviruses are mostly spherical, although there can 
be pleomorphic forms (Figure 2, panel A). Most notable is 
the inclusion of ribosomes inside the virus particles. Viri- 
ons have a mean diameter of 1 10-130 nm but can vary in 
size. The virus particles bud at the cell membrane and have 
a dense outer envelope with small surface projections, and 
the appearance of the interior of the particles ranges from 
slightly granular to lucent. 

Family Flaviviridae 

Cell culture isolation and EM examination were also 
instrumental in the diagnosis of an etiologic agent in a pa- 
tient with an unusual clinical manifestation. A 59-year-old 


man in Florida, USA, had hemorrhagic symptoms, includ- 
ing fever, hypotension, rash, loose bloody stools, and acute 
renal failure; he died within 1 week. The patient reported 
having recent arthropod bites, and a rickettsial disease was 
suspected. A serum sample was obtained from the patient, 
but it was negative by IFA assay for several rickettsial 
agents. A punch biopsy specimen of a skin lesion was ob- 
tained and homogenized and inoculated onto cell culture. A 
cytopathic effect was subsequently noted, the culture was 
examined by EM, and the isolate was recognized as belong- 
ing to the family Flaviviridae. PCR showed that the isolate 
was West Nile virus (25), which is only rarely known to 
cause a hemorrhagic-like disease. 

Flavivirus-infected cells show a proliferation of the 
endoplasmic reticulum membranes with viral particles 
found within the lumen. Virions are »40 nm in diameter 
and have a dense core of 25-30 nm (Figure 2, panel B). 
Surrounding the core is an electron-lucent halo enclosed by 
the viral envelope. Smooth membrane structures having a 
mostly clear interior with a slight web-like arrangement are 
also found in the lumen of the endoplasmic reticulum and 
have been shown to be the replication complexes for this 
virus (26). Accumulations of dense convoluted membranes 
are also found in infected cells (27). 



Figure 1. A) Cell culture isolate of 
severe acute respiratory syndrome 
coronavirus, in which virions are 
seen in the cisternae of the budding 
compartment (arrow). Also present 
are an inclusion of viral nucleocapsids 
(arrowhead) and double-membrane 
vesicles (asterisk). Scale bar = 100 
nm. B) Coronavirus particles in 
cytoplasmic vesicles that appear to 
migrate to the cell surface. Virions 
are seen lining the cell membrane 
(arrow), a characteristic feature of this 
virus. Scale bar = 500 nm. C) Large, 
pleomorphic, extracellular Nipah virus 
particles (arrow), in which the viral 
envelope encloses the nucleocapsids. 
Scale bar = 500 nm. D) Nipah virus 
nucleocapsids (arrow) aggregate in 
the cytoplasm and become tightly 
apposed to the cell membrane as the 
virus begins the process of budding. 
Scale bar = 100 nm. 
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Family Bunyaviridae 

There were 2 instanees at CDC in whieh a bunyavi- 
rus was isolated from patients and identified by EM. In the 
first instanee, a 28-year-old man in North Carolina, USA, 
had myalgias, fever, ehills, and headaehe; his illness pro- 
gressed to severe eneephalitis and multiorgan failure, and 
resulted in death. An isolate was obtained at Duke Univer- 
sity Medieal Center (Durham, NC, USA) and at CDC from 
blood, serum, and eerebrospinal fluid, and EM examina- 
tion recognized a virus belonging to the family Bunyaviri- 
dae. The vims was found to belong to the Bunyamwera 
serogroup (genus Orthobunyavirus) by ELISA and identi- 
fied as Cache Valley vims by PCR and sequencing (28). 
Cache Valley vims was originally isolated from mosquitos 
in 1956, and the patient reported receiving many mosquito 
bites 2 weeks before the onset of illness. This finding was 
the first reported isolation of Cache Valley vims from a hu- 
man case -patient. 

In a recent second instance, a bunyavims was isolated 
from 2 patients in northwestern Missouri, USA, who had 
a history of tick bites. Both patients had fever, fatigue, di- 
arrhea, thrombocytopenia, and leukopenia, but recovered 
from their illnesses and were released after 10-12 days of 
hospitalization. An Ehrlichia sp. was initially suspected. 


and leukocytes from the patients were inoculated onto 
DH82 cells, a canine monocyte cell line. When cytologic 
changes were seen in the culture, cells were processed for 
EM examination. Rather than a bacteria, a bunyavims was 
recognized. It was identified as a new member of the ge- 
nus Phlebovirus by deep sequencing and is now known as 
Heartland vims (29). 

Vims particles in bunyavims-infected cells bud upon 
smooth cytoplasmic membranes and are found in vesicles 
and also extracellularly (Figure 2, panels C, D). The spheri- 
cal, enveloped virions have surface projections visible on 
the surface of some particles. Virions have a granular inte- 
rior with varying densities. 

Conclusions 

For decades, the combination of the classical 
techniques of virus isolation in tissue culture and ex- 
amination by EM has been critical in detection of previ- 
ously unrecognized vimses. Cell culture is a fundamen- 
tal procedure that can be accomplished in most hospital 
microbiology laboratories and should be considered if an 
infectious viral agent is suspected. Although some ex- 
amples provided in this report were handled in bio- 
safety level 3 laboratories at CDC, other examples were 



Figure 2. A) Extracellular lymphocytic 
choriomeningitis virus particles (arrow) 
containing cellular ribosomes. B) West 
Nile virus particles (arrow) in the lumen 
of the rough endoplasmic reticulum of 
an infected cell. Also in the cisternae 
are smooth membrane vesicles 
(arrowhead). C) High magnification 
of Cache Valley virus particles within 
a Golgi vesicle, showing small surface 
projections (arrow). D) Extracellular, 
spherical Homeland virus particles 
(arrow) with a slightly granular core. 
Scale bars = 100 nm. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


889 



SYNOPSIS 


handled as routine microbiological isolations in hospitals or 
public health departments equipped to perform routine 
virus isolation. 

Other useful laboratory methods for diagnosis of an 
unknown virus include serologic testing; IF A, histopath- 
ologic, and IHC assays; PCR; and sequencing. Metage- 
nomics with deep sequencing is a recent advancement of 
a molecular technique that enables genomic analysis of 
microorganisms without the need to isolate and culture 
pathogens. High-throughput sequencing uses random am- 
plified DNA products and compares the obtained product 
sequences with available extensive banks of sequences for 
final identification of the agent detected. Because random 
primers are used to nonspecifically amplify templates for 
sequencing, there is no need for prior knowledge of the 
suspected target. This technology is advancing rapidly and 
improvements in the field will undoubtedly solidify its use 
in the field of pathogen discovery. Previously unknown 
viruses that have been recognized by using this technique 
include Schmallenberg virus ( 30 ), Lloviu virus ( 31 ), and 
Bas-Congo virus ( 32 ). 

As molecular diagnostic techniques progress in scope 
and magnitude, it is critical to retain and use classical tech- 
niques, including cell culture and EM, that complement 
the advances in molecular methods. There is a continuing 
need to train younger scientists in these traditional meth- 
ods to maintain an underlying expertise. In particular, with 
EM, the electron microscopist needs to be able to differ- 
entiate between infectious agents and artifacts or look- 
alike structures. The combination of cell culture and EM 
is an unbiased approach to identification of a previously 
unrecognized pathogen. Similarly, unbiased thinking and 
collaboration among clinicians, epidemiologists, microbi- 
ologists, and laboratorians who use different technologies 
are critical for successful investigations of diseases of un- 
known origin. 
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Pediatric infectious disease clinicians in industrialized 
countries may encounter iatrogenically transmitted HIV, 
hepatitis B virus, and hepatitis C virus infections in refu- 
gee children from Central Asia, Southeast Asia, and sub- 
Saharan Africa. The consequences of political collapse and/ 
or civil war — work migration, prostitution, intravenous drug 
use, defective public health resources, and poor access to 
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good medical care — all contribute to the spread of blood- 
borne viruses. Inadequate infection control practices by 
medical establishments can lead to iatrogenic infection of 
children. Summaries of 4 cases in refugee children in Aus- 
tralia are a salient reminder of this problem. 

B lood-borne viruses (BBVs) have benefitted from inter- 
nal political strife, migration, prostitution, intravenous/ 
injection drug use, and defective public health resources 
in some Central Asian republics and Southeast Asian and 
sub-Saharan African countries. Iatrogenic transmission of 
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HIV in children in Romania (7) and the Russian republic 
of Kalmykia (2) are well-known examples. Refugee chil- 
dren are a special risk category for infection with BBVs (i). 
When iatrogenic transmission was encountered in a pediat- 
ric infectious diseases clinic in Adelaide, South Australia, 
Australia, concern was raised about whether it was an iso- 
lated or a more widespread phenomenon. 

The United Nations High Commissioner for Refugees 
estimates that there were 43.7 million forcibly displaced 
persons worldwide at the end of 2010, the highest number 
in 15 years. Of these, 27.5 million were internally displaced 
persons, 15.4 million were refugees, and 837,500 were 
asylum seekers (4). Children constituted more than half 
of the humanitarian refugee population in Australia (5). A 
refugee is legally defined as a person who is outside his or 
her country of nationality and is unable to return due to a 
well-founded fear of persecution because of race, religion, 
nationality, political opinion, or membership in a particular 
social group. By receiving refugee status, persons are guar- 
anteed protection of their basic human rights and cannot be 
forced to return to a country where they fear persecution (4). 

Australia receives refugees from all countries experi- 
encing internal conflict. Some arriving refugees have para- 
site infestations and bacterial and viral infections, especial- 
ly undiagnosed BBVs {6,1). During 2010-2011, a total of 
13,799 persons were admitted under Australia’s Humani- 
tarian Program. 

The extent of the unusual problem of iatrogenic trans- 
mission of BBVs remains unknown because modes of 
transmission of individual cases are difficult to document. 
This report summarizes cases in 4 children from South Asia 
that illustrate the conditions extant in 1 city in Uzbekistan 
(Andijan), where medical procedures have resulted in 
transmission of HIV, hepatitis B virus (HBV), and hepati- 
tis C virus (HCV). Among the case -patients are 2 children 
with BBV co-infection. 

Methods and Definitions 

Detecting possible iatrogenic BBV infections in chil- 
dren relies on a careful history. However, accurate histories 
are difficult to obtain because, in many cases, details are 
acquired through interpreters and facts are lost in transla- 
tion. Nevertheless, several encounters with a family, dur- 
ing which family members are encouraged to tell their life 
stories (5), usually results in an accurate medical history. 
For orphans, learning the mode of BBV acquisition usu- 
ally is impossible, except in cases of maternal HlV-asso- 
ciated deaths and mother-to-child transmission. The Aus- 
tralian Paediatric Surveillance Unit collects data for all 
HIV-positive children in Australia and reports these data 
to the National HIV Registry. For HIV-positive children 
from high-risk countries whose mothers are known to be 
HIV negative, the information recorded does not indicate 


mode of transmission (compare surrogate breast-feeding); 
nevertheless, such cases should be considered suspicious in 
regard to the manner by which the virus was acquired. The 
Australian Paediatric Surveillance Unit has recorded a few 
cases of HIV in children from high-risk countries whose 
mothers were HIV negative, thus indicating the problem. 
Since data collection began in May 1993, a total of 77 HIV 
infections have been reported in children (9); 8 cases in 
children (<12 years of age) from high-prevalence coun- 
tries were notified to the Australian National HIV Registry 
through the end of 201 1. The mother of 1 child was report- 
ed as HIV negative. No information was available about 
the HIV status for the mothers of the 7 other children (A. 
McDonald, pers. comm.). 

Case Discovery 

Refugee families undergo voluntary health screening 
after arrival. In South Australia, screening usually is con- 
ducted by the Migrant Health Unit of the South Australian 
Department of Health but sometimes by another health 
unit. Children in whom BBV infection is diagnosed are re- 
ferred to the Women’s and Children’s Hospital (WCH) In- 
fectious Diseases Clinic for assessment and management. 
Some children are not screened on arrival, and undiagnosed 
BBV infections may be discovered later. 

Iatrogenic BBV Infection 

BBV infection acquired through injection of blood or 
blood products and for which vertical (mother-to-child) 
infection (including breast milk and surrogate breast-feed- 
ing) was ruled out by serologic testing of the mother and by 
history of sexual abuse and evidence of tattooing, piercing, 
and scarification. Iatrogenic infection, a form of horizontal 
transmission, usually involves mediation through injection 
of the BBV by a third party who might or might not be 
infected with the virus(es) in question. For this study, I de- 
fined an iatrogenic BBV infection according to all of the 
following criteria: BBV infection in a refugee child <18 
years of age who was seen at the WCH Infectious Diseases 
Clinic during 2008-2010, who had been exposed to medi- 
cal hollow-bore needles and blood products, who had ac- 
quired a BBV infection that was absent in his/her mother, 
and who had not been breast-fed by a surrogate or sexually 
abused but for whom other modes of horizontal infection 
could not be completely ruled out. 

Search Methods and Patients 

Internet searches of databases, including PubMed and 
Google Scholar, were performed to obtain peer-reviewed 
and other journal articles by using the following search 
terms: iatrogenic blood-borne virus infection, refugee 
children, blood-bome viral infections in war and transi- 
tion zones, HIV, HBV, HCV. In addition, case reports of 4 
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refugee ehildren seen in the WCH pediatrie infeetious dis- 
eases elinie during January 2008-December 2010 (Table) 
are summarized to illustrate the insidious nature of BBV 
infeetion. These ease -patients, ineluded here with parental 
written eonsent, were vietims of their country’s chaotic or 
absent infection control practices consequent to war and 
political strife. 

Case Reports 

Case-patient 1 

An 8 -year-old girl was brought for treatment in early 
2010. She was bom vaginally in a hospital in Uzbekistan 
after a full-term normal pregnancy. There were no neonatal 
concerns. At 18 months of age, severe hematemesis devel- 
oped. Blood loss required admission to a clinic in Andijan 
and transfusions of donated plasma and of blood donated 
by her father. At 7 years of age, she underwent a tonsillec- 
tomy in the same clinic. She had no illness typical of HIV 
seroconversion. Her mother was hepatitis B surface antigen 
(HBsAg) positive and HIV negative. The girl’s 2 younger 
siblings were BBV negative but anti-HBs positive. As part 
of migrant health screening on arrival in Australia in 2009, 
family members underwent serologic tests for HIV, HBV, 
and HCV. The girl was anti-HIV- 1 and HBsAg positive. 
Her HIV load was 1,010 HIV RNA copies/mL, and HBV 
DNA was not detectable (<20 lU/mL) (HBeAg and anti- 
HBe negative) in 2009. Her father was negative for BBV 
markers. Her CD4 count was 260 cells/mL (19%), indicat- 
ing severe immunosuppression. Examination was largely 
unremarkable except for severe dental caries and an ulcer 
on the lower gums (PCR positive for herpes simplex type 
1). She began antiretroviral therapy soon after diagnosis 
and has responded well. 

Case-patient 2 

On arrival to Australia in 2010, a 9-year-old boy was 
discovered to be anti-HIV- 1 positive on arrival. Both par- 
ents tested negative for anti-HIV- 1 and anti-HCV. Through 
an interpreter, it was established that he had exposure to 
medical needles in the hospital. In 2004, he had undergone 


an appendectomy at the same Andijan clinic mentioned 
above; in summer 2008, he was admitted with “hepati- 
tis” (presumably hepatitis A; see case-patient 3 below) to 
an Andijan hospital, where he received several injections 
(possibly vitamin K) by medical and nursing staff, but as 
far as is known, received no blood products and had no 
seroconverting-like illness. He had been asymptomatic. 
His prenatal history was unremarkable; he was bom at term 
by normal vaginal delivery. He was vaccinated in Uzbeki- 
stan but to an unknown extent. He looked reasonably well. 
There was no lymphadenopathy. He had severe dental car- 
ies. He began antiretroviral therapy soon after his HIV-1 
infection was diagnosed and has responded well. 

Case-patient 3 

This child, the younger sibling of case-patient 2, ar- 
rived in Australia with his family in 2010 when he was 
5 years 9 months of age. At arrival screening, he was 
anti-HIV- 1 negative and anti-HCV positive. He had at- 
tended the clinic in Andijan in November 2007 for “man- 
agement” of jaundice, presumably associated with hepa- 
titis A infection acquired from his sibling (case-patient 
2), who had contracted hepatitis A and received the de- 
scribed treatment »40 days before case-patient 3 received 
his. Case -patient 3 was in the Andijan clinic for 10 days 
and received daily injections (the nature of which is un- 
known)-presumably the source of the HCV infection. 
When first seen at WCH on referral, he was asymptom- 
atic. There were no abnormal physical findings. He was 
repeatedly anti-HCV positive and HCV RNA negative, 
indicating resolved infection. 

Case-patient 4 

This boy was born in Andijan in 2002. Immigration 
serology screening was not performed. He was first seen 
at WCH as a refugee in 2008 at 6 years of age after his 
general pracfifioner found him to be anti-HCV positive 
(anti-HIV- 1 and HBsAg testing was not performed at the 
time). His mother was anti-HCV negative. He was born 
at 38 weeks’ gestation and had some neonatal problems 
for which he received multiple intravenous injections and 


Table. Presumptive iatrogenic BBV infections in refugee children from Uzbekistan, Australia, 2008-2010* 


Case- 

patient 

BBV 

Infection 

Age, 

y/sex 

Risk factor 

Year of 
diagnosis 

Maternal serostatus 

Sibling serostatus 

1 

HIV/HBV 

8/F 

Blood transfusion, plasma 
transfusion 

2010 

Anti-HIV- HBsAg+ 

Seronegative (2 sibs) 

2t 

HIV 

9/M 

Possible exposure to nonsterile 
injections 

2010 

Anti-HIV- 

Anti-HBs+, anti-HCV+ 

3t 

HCV 

5/M 

Possible exposure tononsterile 
injections 

2010 

Anti-HCV- 

Anti-HIV+, anti-HCV- 

4 

HCV/HIV 

6/M 

Blood transfusion; IV; possible 
exposure to nonsterile injections 

2008; 2012, 
respectively 

Anti-HCV-, anti-HIV- 

Anti-HCV- anti-HIV- 
(1 sib) 


*BBV, blood-borne virus; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; +, positive; negative; HCV, hepatitis C virus; IV, intravenous. 
fCase-patients 2 and 3 are siblings. 
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blood transfusion(s) in an Andijan hospital. His 2 younger 
siblings were anti-HCV negative. Examination findings 
were normal except for serious dental caries requiring 
extractions. His liver function showed slightly elevated 
alanine aminotransferase (50 U/L [reference value 5-45 
U/L]). Initially, nonquantitative HCV RNA was detect- 
able in his peripheral blood, and in early 2011, his viral 
load was 623 lU/mL, at which time his liver function was 
entirely normal. In 2012, because of rising alanine amino- 
transferase (57 U/L) and increasing viral load (206,000 lU/ 
mL), he was referred to a pediatric gastroenterologist, who 
noticed that anti-HIV and HBsAg/antibody tests had never 
been performed; results were positive for anti-HIV- 1 (HB- 
sAg and anti-HBs negative). The patient’s viral load was 
18,300 RNA copies/mL. His CD4 count was 810 cells/pL 
(27%). Examination indicated no abnormality. His siblings 
and parents are anti-HIV negative. 

Discussion of Cases 

Vertical transmission of the viruses involved in these 4 
cases was ruled out by the mothers’ negative serostatus, as 
well as by exclusion based on history of surrogate breast- 
feeding and sexual abuse. Notwithstanding a small risk for 
horizontal transmission, the most likely mode of transmis- 
sion is iatrogenic. Incomplete documentation made other 
cases speculative. One case-patient had an additional risk 
factor of rape. Three others with HBV infection in whom 
the serostatus of the mothers was tested and had revealed 
anti-HBs positivity could imply vertical transmission with 
maternal infection resolution and natural immunity. The 
presumptive cases demonstrate intended or unintended ef- 
fects of nonfunctional infection control in the chaos left by 
political collapse and/or civil war on health systems and 
the blood supply. Such recent events have affected Central 
Asian countries, including Kazakhstan, Kyrgyzstan, Ta- 
jikistan, Turkmenistan, and to a lesser extent, Uzbekistan 
(10-14). Patients with speculative cases were from several 
sub-Saharan African countries, including Ethiopia, Kenya, 
Somalia, Liberia, and Ghana. 

The extent of the problem remains unknown. A pro- 
spective study of 1,026 child refugees conducted in a ter- 
tiary pediatric health unit in Western Australia (March 
2006- December 2008) showed an incidence of hepatitis 
B of 8.1% with no cases of HIV or HCV infection (J). The 
study did not report cases of iatrogenic transmission. The 
literature examining iatrogenic BBV infection is limited, 
but conflict and war clearly go hand in hand with increased 
prevalence of BBVs, especially in women and children. 
The cases reported here may represent the “tip of the ice- 
berg.” Cases showing up in 1 city in Australia might or 
might not be an isolated event. The absence of conclusive 
data prevents a conclusion about whether these cases are 
isolated events or represent a widespread problem, but the 


cases provide a stimulus for reception countries to be alert- 
ed to a possible problem. 

The 4 case-patients illustrate the price paid by children 
caught up in the effects of social disintegration. Such situ- 
ations provide opportunities for sexually transmitted infec- 
tions (including HIV) to increase in prevalence (through 
prostitution and intravenous/injection drug use) and there- 
fore form an environment for possible iatrogenic transmis- 
sion. Hamers and Downs (IS) indicated the extent of the 
problem. Escalating intravenous/injection drug use, which 
highlights Central Asia’s geographic position along major 
drug-trafficking routes, has led to a corrupted blood sup- 
ply. These upheavals seem to have formed the nidus of 
the documented epidemic of HIV in Central Asia (16). In 
Shymkent, 93 children contracted HIV either directly or 
indirectly through blood transfusion (1 7). Transmission of 
HIV to babies and children by medical personnel through 
unscreened blood transfusion has been reported in Kazakh- 
stan and Kyrgyztan in 2007 and 2008, respectively (IS). 

Zahed (J) described the situation for children world- 
wide and pointed to Central Asia as a major problem area, 
particularly for spread of HIV infection. Thome et al. (16) 
indicated that Uzbekistan is one of several hot spots for 
HIV transmission in Central Asia, with a few HIV cases 
in children having been reported, most of which resulted 
from nosocomial outbreaks in hospitals (16). No data indi- 
cate whether refugees are at higher or lower risk for BBV 
infection than others living in conflict zones. Nevertheless, 
the following modes of transmission could, arguably, in- 
evitably increase the background prevalence of BBVs and, 
by inference, increase the risk for children living in these 
high-risk areas. Some of these children will reach reception 
countries as refugees or orphans. 

Modes of Transmission Contributing to 
increased BBV Prevaience 

Contaminated Injections in Health Care Settings 

According to the US Agency for International Devel- 
opment, “consecutive wars have made it nearly impossible 
to conduct effective and sustainable HIV prevention activi- 
ties” (79). The World Health Organization estimated that 
17%-19% of injections performed in sub-Saharan Africa 
during 2000 were administered unsafely (20). Simonsen 
et al. reviewed injection practices in the developing world 
with disturbing findings (27). 

HIV and AIDS in Africa 

Iatrogenic spread of HIV through inadequate screen- 
ing facilities and improper use of needles and syringes by 
impoverished and undertrained health care workers puts 
patients at risk (22). Twenty percent of blood transfusions 
in 3 hospitals in Ashanti, Ghana, were unscreened (23). 
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According to Purdin et al. {24), conflict and HIV dra- 
matically intersect in sub-Saharan Africa. The 22.5 mil- 
lion HIV-infected persons in sub-Saharan Africa contain 
»90% of HIV-positive children and 68% of HIV-positive 
adults infected worldwide. Twenty-one sub-Saharan Afri- 
can countries have ongoing political conflict. Within their 
borders, as recorded in 2007, are 77% (1.6 million) of the 
world’s AIDS-related deaths (25-27). 

Jenkins and Robalino {28) alluded to the hidden epi- 
demic in Middle Eastern and North African countries af- 
fected by war and internal strife where no epidemiologic 
monitoring occurs and where iatrogenic transmission thus 
remain undetected. The rise in HIV prevalence for each 
country affected by poverty or internal political strife and 
dysfunctional medical services directly correlates with 
these situations {28). 

HCV in Africa 

In southern Cameroon, where west-central African 
chimpanzee strains of simian immunodeficiency virus, the 
source of HIV- 1 group M, is prevalent among wild chim- 
panzees, »50% of some human birth cohorts were infected 
with HCV through unclear mechanisms (29) but suggest- 
ing high levels of iatrogenic transmission {30). Some have 
speculated that this level of iatrogenic transmission jump- 
started the HIV/AIDS pandemic through injection treat- 
ment of trypanosomiasis before 1951 (57). Excess deaths 
among trypanosomiasis patients treated before 1951 sup- 
port this hypothesis (52). 

Unsafe Injections and Blood Transfusions 

The pandemic of non-A, non-B hepatitis (now attrib- 
uted to HCV infection) emerged in the second half of the 
20th century. Almost certainly it was triggered and fed iat- 
rogenically by the increasing use of injections and blood 
transfusion. In industrialized countries, the introduction of 
anti-HCV screening for blood donors sharply decreased 
the incidence of iatrogenic hepatitis C, but HCV contin- 
ues to spread in developing countries, where the virus is 
still transmitted through unscreened blood transfusions and 
nonsterile injections (55). Even in countries without con- 
flict, failure to protect the blood supply still can occur. In 
western India, 23 children with thalassemia were reported 
as being positive for HIV infection after receiving blood 
transfusions during January-August 201 1 {34). 

Surrogate Breast-feeding and Feeding with 
Expressed Milk 

In 2004, Shisana et al. (55) assessed blood and breast- 
milk exposures in children recruited from primary health 
clinics in the Free State province of South Africa and tested 
the children and their biological mothers for HIV infection. 
HIV positivity in children of HIV-negative mothers was 


associated with dental injections, surrogate breast-feeding, 
and feeding with expressed milk from a hospital milk room. 

Other Possibilities 

No data exist on sharing of contaminated equipment 
during self-injection in children and adolescents in coun- 
tries of high BBV prevalence {36). Also, tattoos, skin pierc- 
ing, and scarification are common in Africa and are detect- 
able on examination. 

Horizontal Infection Not Otherwise Specified 

Information about modes of transmission in HlV-in- 
fected African children who have HIV-uninfected moth- 
ers is generally lacking. Since 1984, horizontally acquired 
HIV infection in African children who have HIV-negative 
mothers has been reported from 13 sub-Saharan countries 
(57). Injections related to health care provision or dental 
surgery (especially by informal providers) were more com- 
mon in infected children, suggesting that horizontal HIV 
transmission through blood exposures is common in some 
sub-Saharan African countries. 

In a 2005 serosurvey, Rehle et al. (55) estimated that 
the annual incidence of HIV infection was 0.5% in South 
African children 2-14 years of age. HIV infection in chil- 
dren who have HIV-negative mothers provided an estimate 
of horizontal HIV transmission. Medical injections, blood 
transfusion, and hospitalization almost certainly play a 
role; however, little is known about the extent and modes 
of horizontal HIV transmission in African children. Other 
contributors to the spread of BBVs include prostitution and 
rape in war; BBV-positive persons provide a link in the 
chain of infection that may lead to iatrogenesis. 

Implications and the Future 

Estimates of up to 160,000 HIV, 4.7 million HCV, 
and 16 million HBV infections each year are attributable 
to unsafe injections (59). Developing world conflict and 
maldistribution of resources remain major contributors to 
the prevalence of BBV infection and affect the poor, the 
young, and the victims of rape in war. Preventing this is a 
challenge for resource-rich countries. A 2002 report that 
seems to have preceded the HIV epidemic in Central Asia, 
including Uzbekistan, indicated that the situation was ripe 
for an epidemic among children {40). This report illustrates 
the failure of United Nations to effectively address the drug 
problem and epidemics of BBVs. The “War on Drugs” 
has clearly failed and seems to enhance the effectiveness 
of drug barons and warlords in promulgating their trade. 
The practice of evidence-based medicine would resolve 
to abandon this wasteful and ill-conceived war. How in- 
dustrialized countries can help is problematic. The World 
Health Organization has insufficient resources to monitor 
and maintain prevention programs. The affected countries 
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have multitudinous difficulties, including providing food, 
water, and sanitation. Infection control competes with these 
and other priorities. The protection of vulnerable children 
thus remains unaddressed. 
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We aimed to estimate the global occurrence of zoonot- 
ic tuberculosis (TB) caused by Mycobacterium bovis or M. 
caprae infections in humans by performing a multilingual, 
systematic review and analysis of relevant scientific litera- 
ture of the last 2 decades. Although information from many 
parts of the world was not available, data from 61 countries 
suggested a low global disease incidence. In regions out- 
side Africa included in this study, overall median proportions 
of zoonotic TB of <1 .4% in connection with overall TB in- 
cidence rates <71/100,000 population/year suggested low 
incidence rates. For countries of Africa included in the study, 
we multiplied the observed median proportion of zoonotic 
TB cases of 2.8% with the continental average overall TB in- 
cidence rate of 264/100,000 population/year, which resulted 
in a crude estimate of 7 zoonotic TB cases/1 00,000 popula- 
tion/year. These generally low incidence rates notwithstand- 
ing, available data indicated substantial consequences of 
this disease for some population groups and settings. 


T uberculosis (TB) is among the most devastating hu- 
man infectious diseases worldwide. An estimated 
8.8 million new cases, a global average incidence rate of 
128/100,000 population/year, and 1.5 million deaths were 
attributed to TB in 2010 (7). Human TB is caused prin- 
cipally by M. tuberculosis. The main causative agents of 
bovine TB are M. bovis and, to a lesser extent, M. cap- 
rae', however, zoonotic transmission of these pathogens is 
well described and occurs primarily through close contact 
with infected cattle or consumption of contaminated animal 
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products such as unpasteurized milk (2,3). TB cases caused 
by transmission of other mycobacteria from other animal 
reservoirs (e.g., wildlife) have been anecdotally reported 
(4,5). Globally, most cases of zoonotic TB are caused by 
M. bovis, and cattle are the major reservoir (2,3). There- 
fore, for the purpose of this study and the remainder of this 
report, we refer to zoonotic TB as TB in humans caused by 
M. bovis or M. caprae. 

There is evidence to suggest that zoonotic TB 
accounted for a significant proportion of the TB cases in 
the Western world before the introduction of regular milk 
pasteurization programs (6,7). Currently, in high-income 
countries, bovine TB is well controlled or eliminated in 
most areas, and cases of zoonotic TB are rarely seen (6,7). 
However, reservoirs of TB in wildlife populations have 
been linked to the persistence or increase of the incidence 
of bovine TB in some countries, most notably the United 
Kingdom (UK) (6). The absence of zoonotic TB despite 
an upsurge in the incidence of bovine TB in the United 
Kingdom sparked a controversy over the large financial 
expenditures for disease control in cattle (6). 

The situation may be fundamentally different in other 
regions. For example, in most countries in Africa, bovine TB 
is prevalent, but effective disease control, including regular 
milk pasteurization and slaughterhouse meat inspection, is 
largely absent (2,3). This situation is exacerbated by the 
presence of multiple additional risk factors such as human 
behavior and the high prevalence of HIV infections (2,3,7). 
Although HIV/AIDS is thought to facilitate transmission 
and progression to active disease of any form of TB, some 
studies showed a significantly increased proportion of 
M. bovis infections among HIV-co-infected TB patients 
compared with HIV-negative TB patients (8-12). 

No assessment of the global consequences of zoonotic 
TB has yet been done. This may have been partially 
caused by the difficulty of differentiating TB caused by 
M. tuberculosis or M. bovis, which requires mycobacterial 
culture and the subsequent use of biochemical or molecular 
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Table 1 . Number of countries within World Health Organization regions for which the respective data on zoonotic Mycobacterium 
hov/s-induced TB in humans was obtained* 




No. (%) of countries by WHO region 


Variables 

Africa 

Americas 

Europe 

Eastern 

Mediterranean 

Western 

Pacific 

Total number of countries in WHO regionf 

46 (100.0) 

35(100.0) 

53 (100.0) 

22 (100.0) 

27 (100.0) 

Any data for countries of WHO region indicatedt 

13 (28.3) 

12 (34.3) 

31 (58.5) 

2(9.1) 

3 (11.1) 

Nationwide data 

0 

10 (83.3) 

30 (96.8) 

0 

2 (66.7) 

Subnational data 

13 (100.0) 

5(41.7) 

11 (35.5) 

2 (100.0) 

2 (66.7) 

Surveillance data 

6 (46.2) 

5(41.7) 

31 (100.0) 

1 (50.0) 

3 (100.0) 

Convenience sample/unknown sampling strategy 

10 (76.9) 

11 (91.7) 

6 (19.4) 

1 (50.0) 

2 (66.7) 

Nationwide surveillance data 

0 

2 (16.7) 

30 (96.8) 

0 

2 (66.7) 

Molecular-based detection of M. bovis 

10 (76.9) 

7 (58.3) 

9 (29.0) 

2 (100.0) 

3 (100.0) 

Biochemical detection of M. bovis 

6 (46.2) 

3 (25.0) 

4 (12.9) 

0 

1 (33.3) 

Other detection method 

1 (7.7) 

3 (25.0) 

3 (9.7) 

0 

1 (33.3) 

Unknown detection method 

0 

10 (83.3) 

30 (96.8) 

0 

2 (66.7) 

Data on average yearly prevalence 

9 (69.2) 

6 (50.0) 

5(16.1) 

0 

2 (66.7) 

Data on average yearly prevalence per 100,000 
population 

0 

0 

0 

0 

0 

Data on average yearly incidence 

6 (46.2) 

10 (83.3) 

31 (100.0) 

1 (50.0) 

3 (100.0) 

Data on average yearly incidence per 100,000 
population 

2 (15.4) 

7 (58.3) 

30 (96.8) 

1 (50.0) 

2 (66.7) 

Data on average yearly mortality 

0 

1 (8.3) 

2 (6.5) 

0 

0 

Data on average yearly mortality per 100,000 
population 

0 

1 (8.3) 

0 

0 

0 

Data on proportion among all TB cases 

13 (100.0) 

12 (100.0) 

30 (96.8) 

2 (100.0) 

3 (100.0) 

Data on proportion among all TB deaths 

0 

1 (8.3) 

0 

0 

0 

Data on proportion of deaths among all TB cases 

0 

1 (8.3) 

2 (6.5) 

0 

0 

*TB, tuberculosis: WHO, World Health Organization; Freq, Number of countries represented by records reporting on the indicated variable; %, proportions 
related to the total number of countries in a given WHO region for which data were available (unless otherwise indicated). 
tNo data were obtained for Southeast Asia. 

^Proportions relate to the total number of countries in the respective WHO region. 


(e.g., genotyping) diagnostic methods. Therefore, in low- 
income countries, facilities to identify the causative agent 
of TB are largely absent (2,3,7). A previous comprehensive 
review on zoonotic TB was published 15 years ago with 
inferences based primarily on the presence of risk factors 
rather than the occurrence of actual cases (2). Since then, 
several studies of zoonotic TB in different parts of the world 
have been published, enabling a more detailed evaluation 

Data collection 

|~ Literature search in 32 bibiiocrepNc detebases 
flemoval of duplKeted reports 
^ {rt ■ 12,176 records) 


Hemoual of Irrelevant reports 

(nc 1,203 records) 



I Retrieval of online accessible reports 

I Assessmeniofeli|ibiirtvota«essMereoorts 
I (n « 140 records) 

Data extraction from 140 record and died relevant repons nm prettoy^ Include d m t he coUecOon j 

Inciusion of data iclerrfrit to disease freouency Onddence. prevalence) and nsortafftv, I 

data cleansimf, Introductioit of official census data and tuberculosis cast noHAeadortt, If available I 
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Inclusion of dau on the proportion of tuberculosis Inclusion of data stratif|«d by Hfif status 

caused by M. bom Removal of duplicated data present In different studies 

Removal of dupiicaied data present in different studies 

Figure 1. Selection procedure for reports included in this analysis. 
A list of all identified 1 ,203 potentially relevant reports and the core 
dataset is available as supplemental material (online Technical 
Appendix 2, wwwnc.cdc.gov/EID/article/ 1 9/6/1 2-0543-Techapp2. 
xlsx). TB, tuberculosis; M. bovis, Mycobacterium bovis. 


of the current importance of the disease. The current study 
was mandated by the World Health Organization (WHO) 
Foodbome Disease Burden Epidemiology Reference 
Group with the aim to determine, on the basis of previously 
published literature, the global occurrence of zoonotic 
TB and its contribution to the overall TB prevalence in 
affected settings. 

Materials and Methods 

A systematic multilingual literature search was 
performed according to international guidelines with 
certain modifications (www.cochrane-handbook.org/). 
Potentially relevant reports on putative zoonotic TB caused 
by M bovis or M. caprae were identified by a search of 
32 bibliographic databases by using a highly sensitive 
search syntax. All publications/reports documented in 
the various databases and published until March 2010 
were considered (Table 1, online Technical Appendix 1, 
wwwnc . ede . go v/EID/ article/ 19/6/12-0543-T echapp 1 .pdf, 
and online Technical Appendix 2, wwwnc.cdc.gov/EID/ 
article/19/6/12-0543-Techapp2.xlsx). Reference Manager 
vl 1.0.1 bibliographic software was used to store and 
remove duplicated reports, leaving 12,176 records (Figure 
1). Titles and abstracts of these reports were screened to 
remove studies unlikely to contain pertinent information. 
Altogether, 1,203 potentially relevant reports were 
identified (online Technical Appendix 1, 2) of which 447 
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(37%) were available online and assessed for eligibility 
(Figure 1). 

Eligible reeords (written in English, Freneh, German, 
Spanish, or Portuguese) reported data for at least 50 persons 
tested on the frequeney (prevalenee, ineidenee) or death 
rate of putative zoonotie TB and eontained data from no 
earlier than 1990. In eonneetion with other ongoing studies, 
reeords reporting information on disease sequelae and 
transmission routes were also included. For 100 randomly 
selected reports of the 1,203 potentially relevant reports, 
availability and eligibility was assessed independently by 
3 operators. Differently appraised records were reassessed, 
and the screening procedure was harmonized accordingly. 
The remaining records were randomly assigned to 1 of the 
3 individual operators for further assessment; 140 records 
were considered eligible and subjected to data extraction. 
The data were stratified by multiple variables, if possible 
(e.g., country or province, HIV status). If any of the reports 
included referred to relevant external data or eligible reports 
that were not identified during the earlier steps of our 
literature search, the respective data were also included in 
this analysis. For 15 randomly selected reports of the 140 
eligible records and additional data cited by or referring to 
these records, data extraction was performed independently 
by the 3 operators. Differently extracted data was reassessed 
and the extraction procedure was harmonized accordingly. 
The remaining records were randomly assigned to one of the 
3 operators for data extraction. Of 140 eligible records, 91 
reported or referred to data on disease frequency or mortality 
rates of putative zoonotic TB (online Technical Appendix 1 
Figure 2). If accessible, additional population estimates and 
official TB notifications were included in the database. This 
core dataset was used to analyze, by geographic region and 
country, the global occurrence of zoonotic TB in humans 
and its contribution to the overall TB prevalence in affected 
settings. A subset of data stratified by HIV status was used 
to assess a potential association between TB caused by M. 
bovis and HIV co-infection. For each of these analyses, 
duplicated data, present in >1 report was removed from the 
core dataset (Figure 1). Statistical analyses were performed 
in IC Stata 10.0 (StataCorp LP, College Station, TX, USA). 

Results 

Data Availability 

Data obtained from eligible reports covered 5 of 
6 WHO regions (Table 1; online Technical Appendix 
1 Table 1), namely Africa, the Americas, Europe, the 
Eastern Mediterranean and the Western Pacific. No data 
were obtained for any country in Southeast Asia. With the 
exception of Europe, data were acquired for only a few 
countries of the regions represented in this analysis (online 
Technical Appendix 1 Table 1). Notably, for the Eastern 
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Figure 2. Proportion of zoonotic tubercuiosis (TB) among aii TB 
cases (A) and estimated overaii TB incidence (B) stratified by Worid 
Heaith Organization (WHO) region. Overaii TB incidence rates 
estimated for 2010 by WHO regions covered aii countries of the 
respective regions. The iower end of each gray box represents the 
25th percentiie, and the upper end represents the 75th percentiie; 
horizontai iines inside the gray boxes represent the median. 
Whiskers indicate upper and iower adjacent vaiues; circies indicate 
outiiers. Numbers were obtained from WHO (1). 



Mediterranean and the Western Pacific regions, respectively, 
data from only 2 and 3 countries were obtained. The 
considerable lack of data precluded a credible estimation of 
the global prevalence and incidence of zoonotic TB. 

Zoonotic TB in Africa 

Among all studies included from Africa, a median of 
2.8% (range 0%-37.7%) of all TB cases in humans were 
caused by M. bovis (Figure 2). In 10 of the 13 countries 
in Africa included in this study, median proportions of 
TB caused by M. bovis were below 3.5% and in 5 of these 
countries no cases were detected (Table 2; Figure 3). In 
contrast, for Ethiopia, Nigeria and Tanzania, respectively, 
the median proportion of TB cases caused by M bovis was 
17.0% (range: 16.7%-31.4%) (75-75), 15.4% (1 study 
available) (7(5) and 26.1% (range 10.8%-37.7%) (77-79). 
Percentages of =30% were reported in 4 regionally based 
studies in Tanzania and Ethiopia (Figure 3, Table 2) 
(75,77). However, many of these studies showed a low 
sample size, resulting in a high statistical error (Table 
2). The lack of large-scale, population-based data did not 
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SYNOPSIS 


Table 2. Overview of selected reports from Africa on zoonotic Mycobacterium bow's-induced TB in humans* 

M. 


iD 

Country 

Setting 

Sampiing 

Detection 

Years 

bow'st 

TBt 

%§ 

95% Ci 

Location 

1131 

Tanzania 

NA 

Conv. 

Moi. 

NA 

20 

53 

37.7 

24.8-52.1 

EPTB 

1131 

Tanzania 

Arusha region 

Conv. 

Moi. 

1994 

4 

11 

36.4 

10.9-69.2 

EPTB 

1074 

Ethiopia 

Butajira heaith center, 
southeastern Ethiopia 

System. 

Moi. 

2000/2001 

11 

35 

31.4 

16.9^9.3 

EPTB 

1074 

Ethiopia 

NA 

Conv. 

Biochem. 

NA 

14 

48 

29.2 

17.0^4.1 

PTB 

15 

Ethiopia 

Feiegehiwot hospitai 

Conv. 

Biochem. 

2007/2008 

8 

47 

17.0 

7.6-30.8 

Both 

65 

Ethiopia 

NA 

Conv. 

Biochem. 

NA 

7 

42 

16.7 

7.0-31.4 

Both 

1074 

Ethiopia 

Fitche Flospitai TB ciinic 

Conv. 

Biochem. 

2004/2005 

7 

42 

16.7 

7.0-31.4 

Both 

294 

Tanzania 

Arusha region and 
Southern Flighiands 

Surv. 

Biochem. 

1993-1996 

7 

44 

15.9 

6.6-30.1 

Both 

73 

Nigeria 

Jos 

Conv. 

Biochem. 

NA 

10 

65 

15.4 

7.6-26.5 

PTB 

68 

Uganda 

Karamojo region 

Conv. 

Moi. 

NA 

3 

24 

12.5 

2.7-32.4 

EPTB 

159 

Tanzania 

Three districts in Arusha 
region 

Surv. 

Biochem. 

1999-2001 

7 

65 

10.8 

4.4-20.9 

EPTB 

459 

Maiawi 

Biantyre, Queen Eiizabeth 
Centrai Hospitai 

Conv. 

Biochem. 

NA 

1 

30 

3.3 

0.1-17.2 

PTB 

62 

Ghana 

Korie-Bu Teaching 
Hospitai 

Conv. 

Biochem. 

2003 

2 

64 

3.1 

0.4-10.8 

PTB 

464 

Madagascar 

institut d'Hygiene Sociaie, 
Antananarivo 

Conv. 

Moi. 

1994 

3 

126 

2.4 

0.5-6.8 

PTB 

340 

Madagascar 

Antananarivo 

Surv. 

Qther 

1994/1995 

2 

156 

1.3 

0.2^.6 

EPTB 

292 

Madagascar 

Antananarivo, Antsirabe, 
Fianarantsoa, and 
Mahajanga 

Rand. 

Moi. 

1994/1995 

4 

316 

1.3 

0.3-3.2 

PTB 

243 

Uganda 

Kampaia 

Conv. 

Biochem. 

1995-1997 

1 

234 

0.4 

0.0-2.4 

PTB 

52 

Uganda 

Kampaia, Rubaga division 

Surv. 

Moi. 

2006 

1 

386 

0.3 

0.0-1 .4 

PTB 

222 

Cameroon 

Quest Province 

Surv. 

Moi. 

1997/1998 

1 

455 

0.2 

0.0-1 .2 

PTB 

80 

Burkina Faso 

Heaith centers in 
Quagadougou and Bobo 
Diouiasso 

Conv. 

Moi. 

2001 

0 

120 

0.0 

0.0-3.011 

PTB 

12 

Burundi 

Bujumbara, Bubanza 
Hospitai 

Conv. 

Moi. 

1987-1994 

0 

117 

0.0 

0.0-3.111 

Both 

165 

Chad 

Chari-Baguirmi 

Conv. 

Moi. 

2002 

0 

10 

0.0 

0.0-30.8H 

Both 

12 

Cote d'ivoire 

TB and rurai heaith 
centers in Cote d’ivoire 

Ciuster 

Moi. 

1994-1996 

0 

320 

0.0 

0.0-1. in 

PTB 

464 

Madagascar 

Antananarivo prison 

Conv. 

Moi. 

1994 

0 

36 

0.0 

0.0-9.7H 

PTB 

12 

Sierra Leone 

Western Area and 
Kenema districts 

Surv. 

Moi. 

2003/2004 

0 

97 

0.0 

0.0-3.7H 

PTB 

32 

Uganda 

Mbarara district 

Rand. 

Moi. 

2004/2005 

0 

70 

0.0 

0.0-5. in 

Both 


*TB, tuberculosis: ID, record identification number {online Technical Appendix 2, wwwnc.cdc.gov/EID/article/19/6/12-0543-Techapp2.xlsx); NA, not 
available: Conv., convenience sample/not specified: Mol., molecular-based detection method: EPTB, extrapulmonary TB: System, systematic sampling: 
Biochem, biochemical detection method: PTB, pulmonary TB: Surv., surveillance data: Rand., random sampling: Cluster, cluster sampling. 
fNumber of putative zoonotic cases of Mycobacterium bovis. 

JTotal number of bacteriologically confirmed and characterized TB cases. 

§%, proportion of zoonotic TB among all TB cases. 

^One-sided 97.5% CIs are indicated. 


allow for an identification of specific risk groups associated 
with M. bovis infections. 

Zoonotic TB in the Americas 

A median of 0.3% (range 0%-33.9%) of M. bovis 
infections among human TB cases was found for all 
reports included. For most countries, M. bovis accounted 
for a negligible percentage of the TB cases (Figure 2). 
Conversely, high proportions were reported for specific 
areas of Mexico and the United States (Figure 4). For 
Mexico, the median percentage of M. bovis cases was 
7.6% (range 0%-31.6%); proportions >10% were detected 
in 3 independent studies (20-22). However, overall 
TB incidence in Mexico is relatively low, with a rate of 
16/100,000 population/year (7). In the United States, TB 


caused by M. bovis is strongly linked to persons in Hispanic 
communities, mostly with origins in Mexico (Table 3). A 
study including data from 41 states of the United States 
suggested that =90% of all TB cases caused by M. bovis 
affect persons of Hispanic ethnicity (5). This association 
is attributed to the consumption of unpasteurized, 
contaminated cheese produced in Mexico. Moreover, 
when multivariate logistic regression analyses was used, 
several studies in the United States showed an independent 
association of TB caused by M. bovis with TB cases in 
children, HIV coinfection and extrapulmonary disease (5- 
12). Surveys in San Diego County, California indicated a 
steady increase in the incidence of TB caused by M. bovis 
and a decrease in TB incidence caused by M. tuberculosis 
infection (9,12). In this setting, the odds for TB patients 
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Africa 


Zoonotic TB cases/all TB cases 



Figure 3. Proportion of zoonotic tuberculosis (TB) among all TB 
cases stratified by country: Africa. X-axIs values are proportion of 
zoonotic TB cases among all TB cases. Each circle represents a 
study with the circle diameter being proportional to the log^^ of the 
number of Isolates tested. A gray rhombus Indicates that the number 
of samples tested was not reported or could not be Inferred from 
the data available. The median proportion of all studies for a given 
country Is Indicated by X. Numbers on the right side of the figures 
Indicate the number of studies Included for any given country. 


infected with M. bovis to die during treatment was >2 
times as high as for patients infected with M. tuberculosis 
(9,10,12). In San Diego County, during 1994-2003 and 
2001-2005, respectively, M. bovis accounted for 25 and 
19 deaths, corresponding to 27% and 17% of all TB deaths 
and a mortality rate of =0. 1/100,000 population/year (9,10). 
The reasons for increased deaths among patients infected 
with zoonotic TB compared with those infected with M. 
tuberculosis remained unidentified, although health care 
inequality or treatment differences were stated as possible 
explanations (9). However, overall incidence rates of 
zoonotic TB in the United States are low, at a median of 
0.7/100,000 population/year. Although zoonotic TB causes 
minor consequences of disease in the Americas, available 
data corroborate the finding that M. bovis infections can be 
a substantial cause of deaths from TB among humans in 
certain population groups and settings. 

Zoonotic TB in Europe 

Studies from Austria, Germany, Greece, and Spain 
included in this analysis identified M. caprae as a causative 


agent of zoonotic TB in addition to M. bovis (23-26). Our 
analysis revealed a median proportion of 0.4% (range 
0%-21.1%) of M. bovis or M. caprae infections among 
all bacteriologically confirmed TB cases reported. Median 
proportions for individual countries never reached rates 
>2.3%, although higher percentages were found for specific 
populations and settings (Figure 5). Three of 5 studies 
reporting proportions >10% were conducted in settings 
with very low incidences of human TB (<20 cases/year on 
a countrywide level) (27). In another hospital-based study 
in Germany, 4 M. bovis cases were identified among 1 9 TB 
cases with molecular speciation results, 2 of which probably 
represented disease caused by the treatment of urothelial 
carcinoma with M. bovis BCG (28). A study in Spain 
characterized the transmission of a multidrug-resistant 
strain ofM bovis as the cause of 2 nosocomial TB outbreaks 
that accounted for 12.2% of multidrug-resistant TB isolates 
(29). However, these cases did not represent cases of 
zoonotic TB, because transmission occurred from humans 
to humans. Reported incidence rates for TB caused by M. 
bovis or M. caprae for all studies included from European 
countries were <1/100,000 population/year if TB cases 
caused by multidrug-resistant strains of M. bovis in Spain 
were excluded (online Technical Appendix 2). Moreover, 
available data suggested decreasing trends in the number of 
zoonotic TB cases over time (online Technical Appendix 2). 
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Figure 4. Proportion of zoonotic tuberculosis (TB) among all TB cases 
stratified by country: Americas. X-axIs values are are proportion of 
zoonotic TB cases among all TB cases. Each circle represents a 
study with the circle diameter being proportional to the log,^ of the 
number of Isolates tested. A gray rhombus Indicates that the number 
of samples tested was not reported or could not be Inferred from 
the data available. The median proportion of all studies for a given 
country Is Indicated by X. Numbers on the right side of the figures 
Indicate the number of studies Included for any given country. 
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Table 3. Selected reports from the United States on zoonotic Mycobacterium bow's-induced TB in humans* 


iD 

Setting 

Study period 

Ethnicity or piace of birth 

No. casest 

No. tested^; 

%§ 

46 

41 states in the United States 

1995-2005 

Native American, non-Hispanic 

0 

243 

0.0 




Asian, non-Hispanic 

5 

2,938 

0.2 




Biack, non-Hispanic 

6 

3,447 

0.2 




Hispanic 

147 

2,724 

5.4 




White, non-Hispanic 

7 

2,449 

0.3 




Mexico-born 

102 

1,399 

7.3 




Non-US/Mexico-born 

15 

4,907 

0.3 




US-born 

47 

5,531 

0.8 

48 

San Diego County, Caiifornia 

2001-2005 

Hispanic 

128 

657 

19.5 




White 

3 

154 

1.9 




Asian 

1 

421 

0.2 




Biack 

0 

86 

0.0 




Other 

0 

6 

0.0 




Mexico-born 

79 

461 

17.1 




The Phiiippines 

0 

248 

0.0 




Non-US/Mexico/The Phiiippines-born 

0 

260 

0.0 




US-born 

53 

355 

14.9 

164 

San Diego County, Caiifornia 

1994-2003 

Hispanic 

156 

531 

29.4 




Non-Hispanic 

11 

564 

2.0 




Mexico-born 

93 

374 

24.9 




Non-US/Mexico-born 

3 

416 

0.7 




US-born 

71 

305 

23.3 

155 

New York, New York, USA 

2001-2004 

Mexico-born 

20 

155 

12.9 




Non-Mexico-born 

15 

2925 

0.5 

233 

San Diego County, Caiifornia 

1994-2000 

Mexico-born 

70 

553 

12.7 




The Phiiippines 

1 

423 

0.2 




Non-US/Mexico/The Phiiippines— born 

2 

403 

0.5 




US-born 

56 

552 

10.1 


*TB. tuberculosis; ID, record identification number (online Technical Appendix 2, wwwnc.cdc.gov/EID/article/19/6/12-0543-Techapp2.xlsx). 
fN number of zoonotic TB cases identified. 

^Number of TB case-patients tested for the presence of M. bovis infection. 

§ Proportion of zoonotic TB among all TB cases. 


Zoonotic TB in the Eastern Mediterranean 

One study from the Suez Canal region of Egypt reported 
a rate of 2.2% (95% Cl 0.1%-11.8%) for pulmonary TB 
eases eaused by M. bovis (30). A seeond nationwide study 
in Djibouti deteeted 0.6% (95% Cl 0.0%-3.5%) of the TB 
lymphadenitis eases for whieh samples were tested to be 
eaused by M. bovis (31). No other studies were obtained 
for the WHO region of the Eastern Mediterranean. The 
proportion of zoonotie TB among all TB eases in the 
eastern Mediterranean is shown in Figure 6. 

Zoonotic TB in the Western Pacific 

Data obtained from the Western Paeifie region was 
from Australia, New Zealand, and parts of China only. 
For these settings, respeetively, median proportions of M. 
bovis infeetions of 0.2% (range 0.1%-0.7%), 2.7% (range 
2.4%-5%) and 0.2% (range 0%-0.5%) among all TB eases 
analyzed were observed, indieating that zoonotie TB had 
minor importanee Median ineidenee rates were 0.03 (range 
0.00-0.60) and 0.16 (range 0.11-0.27)/100,000 population/ 
year for Australia and New Zealand, respeetively. The 
infrequent oeeurrenee of zoonotie TB in these settings 
notwithstanding. New Zealand showed a generally higher 
proportion and ineidenee rate for TB eaused by M. bovis 


than did Australia (Figure 6). While a steadily inereasing 
proportion of TB eaused by M. bovis was observed in 
New Zealand, trends were deereasing in Australia (online 
Teehnieal Appendix 2). 

Influence of HIV Co-infection 

Seven surveys eovering Ethiopia, Tanzania, Argentina, 
Mexieo, and different parts of the United States provided 
data for analysis of a potential assoeiation between HIV eo- 
infeetion and zoonotie TB (Table 4) (8-10,13,18,20,32). 
Among these studies, only studies from the United States 
showed a signifieantly higher proportion of TB eaused by 
M. bovis for HIV eo-infeeted TB patients (Table 4). For 
studies from the USA, the relative risk for an infeetion with 
M. bovis among TB patients was 2. 6-8. 3 times higher in 
HIV-eo-infeeted patients than in HIV -negative patients. 
No signifieant assoeiation between M. bovis infeetion and 
HIV status was identified in surveys in Afriea or other 
eountries of the Amerieas (Table 4). 

Discussion 

Naturally, the oeeurrenee of zoonotie TB is greatly 
dependent on the presenee of TB in eattle. Information 
on the global distribution and prevalenee of bovine TB 
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is scarce, but available data suggest that TB in cattle 
is prevalent in virtually all major livestock-producing 
countries of the developing world and Africa, specifically 
(2,3,7). Disease control in cattle is largely absent in 
these regions. Consequently, the majority of the human 


Europe 

Zoonotic TB cases/all TB cases 



Figure 5. Proportion of zoonotic tubercuiosis (TB) among aii TB 
cases stratified by country: Europe. X-axis vaiues are are proportion 
of zoonotic TB cases among aii TB cases. Each circie represents a 
study with the circie diameter being proportionai to the iog,,, of the 
number of isoiates tested. A gray rhombus indicates that the number 
of sampies tested was not reported or couid not be inferred from 
the data avaiiabie. The median proportion of aii studies for a given 
country is indicated by X. Numbers on the right side of the figures 
indicate the number of studies inciuded for any given country. 
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Figure 6. Proportion of zoonotic tubercuiosis (TB) among aii TB 
cases stratified by country: A) Eastern Mediterranean; B) Western 
Pacific. X-axis vaiues are are proportion of zoonotic TB cases 
among aii TB cases. Each circie represents a study with the circie 
diameter being proportionai to the iog,^ of the number of isoiates 
tested. A gray rhombus indicates that the number of sampies tested 
was not reported or couid not be inferred from the data avaiiabie. 
The median proportion of aii studies for a given country is indicated 
by X. Numbers on the right side of the figures indicate the number 
of studies inciuded for any given country. 


population is at risk for exposure to bovine TB; and 
globally, the occurrence of zoonotic TB likely mirrors TB 
prevalence in cattle. 

Our systematic literature search on the occurrence 
of zoonotic TB provided no data for the WHO region of 
Southeast Asia, including major cattle producing middle- 
and low-income countries (e.g., India, Bangladesh, 
Pakistan, Myanmar, Indonesia) (online Technical 
Appendix 1) (33). Moreover, except for Europe, data were 
acquired for few countries of the regions represented in 
this analysis (Table 1) with some, in terms of livestock 
production, particularly relevant countries missing (e.g., 
Canada, Kenya, Russia, South Africa, Sudan, and Turkey) 
(33). Nationwide surveillance data were almost exclusively 
available for high-income countries that have programs in 
place for bovine TB control and regular milk pasteurization 
(Table 1). Although ample data were obtained for many 
low-risk, high-income countries, the lack of nationwide 
surveys in potential high-risk settings precluded a credible 
estimation of the global occurrence of zoonotic TB. 

Recorded incidence rates for zoonotic TB in Europe, the 
United States, Australia, and New Zealand were consistently 
below 1/100,000 population/year (online Technical 
Appendix 2). Incidence rates were unavailable for other 
countries. However, a crude estimate could be obtained by 
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Table 4. Available data on zoonotic Mycobacterium bows-induced TB in humans, stratified by HIV-positive and -negative persons* 


ID 

Region 

Country 

HIV status 

No. cases 

No. tested 

% 

95% Cl 

RR 

1074 

Africa 

Ethiopia 

+ 

4 

10 

40.0 

12.2-73.8 

1.43 

1074 

Africa 

Ethiopia 

- 

7 

25 

28.0 

12.1^9.4 

NA 

1147 

Africa 

Tanzania 

+ 

2 

29 

6.9 

0.8-22.8 

0.50 

1147 

Africa 

Tanzania 

- 

5 

36 

13.9 

4.7-29.5 

NA 

NA 

Africa 

Total 

+ 

6 

39 

15.4 

5.9-30.5 

0.78 

NA 

Africa 

Total 

- 

12 

61 

19.7 

10.6-31.8 

NA 

57 

Americas 

Argentina 

+ 

2 

240 

0.8 

0. 1-3.0 

0.88 

57 

Americas 

Argentina 

- 

95 

10,000 

1.0 

0.8-1 .2 

NA 

57 

Americas 

Argentina 

+ 

8 

1,391 

0.6 

0.2-1. 1 

2.66 

57 

Americas 

Argentina 

- 

12 

5,551 

0.2 

d 

1 

d 

NA 

39 

Americas 

Mexico 

+ 

11 

80 

13.8 

7.1-23.3 

1.90 

39 

Americas 

Mexico 

- 

6 

83 

7.2 

2.7-15.1 

NA 

46 

Americas 

USA 

+ 

21 

891 

2.4 

1. 5-3.6* 

2.59 

46 

Americas 

USA 

- 

59 

6,472 

0.9 

0.7-1 .2* 

NA 

48 

Americas 

USA 

+ 

33 

140 

23.6 

16.8-31.5* 

3.24 

48 

Americas 

USA 

- 

48 

659 

7.3 

5.4-9.5* 

NA 

164 

Americas 

USA 

+ 

39 

64 

60.9 

47.9-72.9* 

8.32 

164 

Americas 

USA 

- 

35 

478 

7.3 

5.2-10.0* 

NA 

NA 

Americas 

Total 

+ 

114 

2806 

4.1 

3.4-4.9* 

3.70 

NA 

Americas 

Total 

- 

255 

23,243 

1.1 

1.0-1 .2* 

N/A 


*TB, tuberculosis; ID, Record identification number (online Technical Appendix 2, wwwnc.cdc.gov/EID/article/19/6/12-0543-Techapp2.xlsx); Cases, 
number of zoonotic tuberculosis (TB) cases identified; Tested, number of TB cases tested for the presence of M. bovis infection; %, proportion of zoonotic 
TB among all TB cases; RR, relative risk ratio; NA, not available. 

Significantly higher proportion of M. bovis infection among TB patients with HIV coinfection. 


multiplying the observed eountry-speeifie median proportion 
of zoonotie TB by the respeetive overall TB ineidenee rates. 
This suggested ineidenee rates of zoonotie TB of =1/100,000 
population/year or lower for all eountries outside Affiea 
ineluded in this survey, except for the Republic of Djibouti 
(WHO Eastern Mediterranean Region) which reported =4 
zoonotic TB cases/1 00,000 population/year. 

Africa is assumed to bear the highest consequences 
of zoonotic TB worldwide because of the frequent and 
concurrent presence of multiple risk factors (2,3,7). This 
is supported by the highest reported median proportions of 
TB caused by M. bovis in connection with the worldwide 
highest overall TB incidence rates (Figure 2). Given an 
observed median proportion of zoonotic TB of 2.8% 
and the continental average overall incidence of TB of 
264/100,000 population/year (Figure 2), an incidence rate 
of 7 zoonotic TB cases/100,000 population/year could be 
estimated (=20 times lower than the global overall TB 
incidence rate) (1). Presumably, this is an overestimate 
as high-risk livestock producing countries of Africa 
(e.g., Ethiopia, Madagascar, Nigeria, and Tanzania) were 
overrepresented in this analysis (33) and because studies 
reporting the presence of zoonotic TB can be expected 
to be overrepresented among the surveys included (see 
limitations of the study below). Together, this suggests a 
low incidence of zoonotic TB in Africa. 

Individual studies from various regions reported high 
proportions of zoonotic TB for specific population groups 
and settings (Figures 3-7). For example, in the Hispanic 
community in the United States, zoonotic TB appeared to 
be a considerable proportion of all TB cases (Table 3) and 


was associated with the consumption of unpasteurized 
cheese from Mexico (8-12). The highest median 
proportions for TB caused by M. bovis were observed 
in countries in Africa: Ethiopia, Nigeria, and Tanzania 
(Figure 3). However, the specific populations affected 
and risk factors of zoonotic TB in these settings remain 
largely elusive. The highest proportions of zoonotic TB 
in Africa were reported in studies investigating cases of 
extra-pulmonary TB (Table 2). For example, of a total of 
26 studies, 1 1 studies reported proportions of zoonotic TB 
>10%; 9 of those included cases of extrapulmonary TB; 
of the 15 studies reporting a proportion of zoonotic TB 
<3.3%, only 4 included extrapulmonary TB cases (Table 
2). This may mirror a widely stated association of zoonotic 
TB with extra-pulmonary disease, perhaps reflecting the 
consumption of contaminated animal products as one 
of the main drivers of zoontic TB (2,3,7). It has been 
postulated that pastoralist and rural communities would 
be at greatest risk for zoonotic TB (2,3,7), but the lack 
of data for these population groups prevents confirmation 
of this assumption. Collected individual studies reporting 
high proportions of TB caused by M. bovis suggest pockets 
of zoonotic transmission of TB for specific population 
groups and settings. 

Outside Africa, large proportions ofM bovis infections 
among TB case-patients have been found mostly in low- 
TB incidence settings such as Mexico. In Cyprus, Iceland, 
and Malta, proportions of TB caused by M. bovis of >10% 
were observed (Figure 5); however, these countries, 
nationwide, reported <20 human TB cases in the respective 
years. Similarly, a study in San Diego County, California, 
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USA, showed an overall deereasing ineidenee of human 
TB while the ineidenee of zoonotic TB and therefore 
also the relative proportion of zoonotic TB has steadily 
increased (9,12). This suggests that commonly applied 
control efforts targeting M. tuberculosis transmission 
have little effect on the occurrence of zoonotic TB and 
probably reflects the distinct drivers of M. tuberculosis 
and zoonotic TB infection (e.g., aerosol transmission vs. 
foodbome infection) (2,3). Similarly, differences in the 
epidemiology of zoonotic TB are likely to exist between 
different regions. This could be mirrored by the association 
of zoonotic TB with HIV in the United States, but not in 
other areas included in this analysis (Table 4). Ascertaining 
the factors contributing to an association between HIV and 
zoonotic TB in some regions will require more in-depth 
research, thus eliminating potential confounders such as 
socioeconomic status, education level, national origin, and 
other factors. 

The current study is affected by several biases. The 
sensitivity of this systematic literature review was affected 
by the selection of eligible reports and data extraction by 
a single operator. Also, only reports available online and 
written in English, French, German, Spanish, or Portuguese 
were included. Selected reports are biased toward surveys 
which identified or aimed to identify TB cases caused by 
M. bovis, possibly resulting in an overestimation of the 
proportion of zoonotic TB cases. Data from low-income 
countries included in this study were rarely comparable and 
not representative of the respective nationwide populations. 
Nonetheless, it seems unlikely that our conclusions 
were fundamentally affected by these biases. Lastly, 
our results are influenced by the technical constraints of 
the studies included. Specifically, biochemical methods 
may be relatively unreliable for the identification of M. 
bovis or M. caprae strains and routine culture methods 
for M. tuberculosis are suboptimal to detect strains of M. 
bovis (2,3). Thus, TB cases caused by M. bovis may be 
systematically underreported. 

Reports published after the completion of this 
systematic review revealed information from countries 
not covered by this study. A study from Bangladesh 
analyzed isolates from 350 TB patients but did not 
identify any infections by M. bovis (34). In a study from 
Bamako, Mali, 0.8% of TB cases analyzed were caused 
by M. bovis (55). In Turkey and the West Bank, Palestine, 
respectively, 5.3% and 6.5% of clinical TB cases analyzed 
were caused by M. bovis (36,37); however, zoonotic TB 
can be considered rare in these areas, given the low overall 
incidence rates of TB of 28 and 0.7/100,000 population/ 
year (1,38). Together, available data suggest a minor 
global importance of zoonotic TB. However, pockets 
of more frequent zoonotic transmission of TB seem to 
be present in certain population groups. More research 


is needed to identify the main transmission drivers in 
these areas. 
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Scarlet fever is one of a variety of diseases caused by 
group A Streptococcus (GAS). During 2011, a scarlet fever 
epidemic characterized by peak monthly incidence rates 
2. 9-6. 7 times higher than those in 2006-2010 occurred 
in Beijing, China. During the epidemic, hospital-based en- 
hanced surveillance for scarlet fever and pharyngitis was 
conducted to determine characteristics of circulating GAS 
strains. The surveillance identified 3,359 clinical cases of 
scarlet fever or pharyngitis. GAS was isolated from 647 of 
the patients; 76.4% of the strains were type emm^2, and 
17.1% were emm^. Almost all isolates harbored superanti- 
gens spec and ssa. All isolates were susceptible to penicil- 
lin, and resistance rates were 96.1% to erythromycin, 93.7% 
to tetracycline, and 79.4% to clindamycin. Because emm^2 
type GAS is not the predominant type in other countries, 
wider surveillance for the possible spread of emm^2 type 
GAS from China to other countries is warranted. 


Streptococcus pyogenes, also known as group A Strepto- 
LJ coccus (GAS), is a common human pathogen that can 
induce a wide spectrum of diseases, ranging from noninva- 
sive diseases, such as pharyngitis, scarlet fever, and impeti- 
go, to invasive diseases, such as erysipelas, cellulitis, pneu- 
monia, bacteremia, necrotizing fasciitis, and toxic shock 
syndrome. Moreover, GAS can cause rheumatic fever and 
acute poststreptococcal glomerulonephritis (1,2). In the 
latel980s, a change in the epidemiology of invasive GAS 
diseases and the emergence of streptococcal toxic shock 
syndrome were documented (3,4), and the current number 
of invasive GAS disease cases worldwide is high (2). 


Author affiliations: Beijing Center for Disease Prevention and Con- 
trol, Beijing, China; and Capital Medical University School of Public 
Health, Beijing 
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Many virulence factors contribute to the pathogenesis 
of GAS diseases (1,5). However, the matrix (M) protein, 
encoded by the emm gene, has the most critical role, mainly 
by antiphagocytic mechanisms (6,7), and the amino-termi- 
nal region of M protein is the most promising target for de- 
signing a vaccine (8,9). emm gene sequencing is a standard 
method for typing the M protein (10), but the distribution 
of emm types varies greatly by geographic location, time, 
and collection site of clinical specimens (9,11-14). 

Streptococcal pyrogenic exotoxins also play a ma- 
jor role in the pathogenesis of GAS infections by acting 
as superantigens. When these exotoxins cross-link major 
histocompatibility complex class II molecules and T cell 
receptors, they trigger intense activation of a subset of T 
cells within a specific b-chain variable region. This process 
induces a tremendous release of a series of cytokines and 
may lead to cell, tissue, and organ damage (15,16). 

Several antimicrobial drugs effectively treat GAS in- 
fections (1). In recent years, however, considerable atten- 
tion has been given worldwide to the issue of antimicrobial 
drug-resistant GAS. Macro lide-resistant GAS strains have 
been isolated from various regions of the world (17-19). 
Macrolides are used as an alternative treatment for GAS in 
patients allergic to penicillin, and clindamycin, in combina- 
tion with b-lactam antimicrobial drugs, is a recommended 
treatment for invasive GAS disease (20). Thus, it is critical 
that surveillance for macrolide- and clindamycin-resistant 
GAS be continued. 

In China, scarlet fever is the only GAS disease re- 
ported by the National Notifiable Infectious Disease Sur- 
veillance System (NNIDSS) (21). According to NNIDSS, 
the incidence of scarlet fever in Beijing, China, before 
2011 had persistently remained within normal threshold 

^These authors contributed equally to this article. 
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limits. However, in late spring 201 1, an epidemie of sear- 
let fever oeeurred in Beijing and many other regions of 
China. In response to the epidemie, enhaneed surveillanee 
for GAS diseases was eondueted in Beijing during May- 
July 2011 to determine eharaeteristies of the eireulating 
GAS strains. 

Methods 

National Notifiable Infectious Disease 
Surveillance System 

China established NNIDSS in 2004, after the 2003 
outbreak of severe aeute respiratory syndrome. At that 
time, NNIDSS eovered 37 infeetious diseases, whieh were 
elassified into 3 eategories (A-C), in a deseending order 
aeeording to disease severity; searlet fever belonged to eat- 
egory B. 

A elinieal ease of searlet fever is defined as aeute ill- 
ness onset with fever, pharyngitis, and sandpaper-like red 
rash with or without strawberry tongue, Pastia lines, or 
eireumoral pallor. In China, elinieians and hospitals are 
to report elinieal eases of searlet fever to NNIDSS with- 
in 6 hours of diagnosis. To respond to the 2011 epidemie 
of searlet fever and to monitor its severity, eaeh elinieal 
ease of searlet fever reported in Beijing was followed for 3 
weeks after the onset of disease. 

Enhanced Surveillance for GAS Diseases 

Enhanced surveillance for GAS diseases was conduct- 
ed in the pediatric clinics of 36 hospitals within Beijing’s 
1 8 districts during May- July 2011. The surveillance system 
was designed and managed by the Beijing Center for Dis- 
ease Prevention and Control (Beijing CDC). The Beijing 
CDC laboratory and 18 collaborating district laboratories 
were involved. The study was approved by the Institutional 
Review Board and the Human Research Ethics Committee 
of Beijing CDC. 

The surveillance included children with scarlet fever 
or pharyngitis diagnosed by clinicians in the surveillance 
hospitals. All children with scarlet fever were invited to 
participate in the study after their parent(s)/guardian(s) 
gave informed consent. Each week, 10 children with 
pharyngitis were randomly selected from each hospital to 
participate in the study. Trained clinic staff used a stan- 
dardized questionnaire to collect information (e.g., sex, 
age, date of illness onset, date medical care was sought, 
clinical symptoms and signs, and antimicrobial drug treat- 
ment) for each study participant. In addition, at each clin- 
ic, trained personnel obtained pharyngeal swab samples 
from study participants, and, the same day, a designated 
hospital staff member collected and sent all specimens to 
the corresponding district laboratory. The collaborating 
district laboratories isolated and identified GAS strains 


and then sent the isolates to Beijing CDC for emm typ- 
ing, superantigen determination, and antimicrobial drug 
susceptibility testing. Patients with scarlet fever or phar- 
yngitis from whom GAS was isolated were identified as 
confirmed GAS patients. 

Isolation and Identification of GAS Strains 

After pharyngeal swab samples arrived at a collabo- 
rating district laboratory, they were immediately spread 
onto 5% sheep blood agar plates and incubated overnight 
at 37°C in 5% CO^. We tested b-hemolytic isolates for sus- 
ceptibility to bacitracin and used the Streptococcal Group- 
ing Kit (Oxoid Ltd., Basingstoke, UK) to determine the 
Lancefield group for each isolate. 

emm Typing 

All GAS isolates were subjected to emm typing, as 
described (22). We extracted DNA and amplified and se- 
quenced the 5' region of the emm gene by using recom- 
mended primers and cycling conditions (22). We aligned 
the sequence of the 5' region of the emm gene with se- 
quences in the Blast-emm database (www.cdc.gov/ncidod/ 
biotech/strep/strepblast.htm; Centers for Disease Control 
and Prevention, Atlanta, GA, USA). The emm type and 
subtype of GAS isolates were identified on the basis of the 
90 bases encoding the N terminal 30 residues of the pro- 
cessed M protein and the exact 150 base sequences encod- 
ing the N terminal 50 residues of the mature M protein, 
respectively. The fairly conserved 30 bases encoding the 
last 10 residues of the M protein signal sequence were re- 
ferred to for identifying the start of the sequence encoding 
the mature M protein. 

Superantigen Detection 

Thirteen superantigens (speA-speC, speF-speM, 
smeZ, and ssa) were detected by subjecting each GAS iso- 
late to real-time PCR. Specific PCR primers were used to 
amplify the gene of each superantigen in a 40-mL real-time 
PCR reaction system under the following cycling condi- 
tion: 2 min at 94°C, followed by 40 cycles of 15 s at 93 °C 
and 60 s at 55°C. Superantigen profiles were invesfigated 
for various emm types of GAS isolates. 

Antimicrobial Drug Susceptibility Testing 

We used the VITEK2 Compact (bioMerieux, Marcy 
TEtoile, France) to test all GAS isolates for susceptibility 
to penicillin, ampicillin, quinupristin-dalfopristin, linezol- 
id, vancomycin, tigecycline, levofloxacin, erythromycin, 
clindamycin, and tetracycline. We estimated the minimal 
inhibitory concentration of each antimicrobial drug for in- 
dividual GAS isolates and determined the corresponding 
susceptibility according to the 2011 criteria of the Clinical 
and Laboratory Standards Institute (23). 
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Statistical Analysis 

We entered data by using Microsoft Excel 2003 soft- 
ware (Microsoft Corp., Redmond, WA, USA) and analyzed 
data by using the SPSS 16.0 statistical package (SPSS Inc., 
Chicago, IL, USA). The mean and SD were calculated for 
continuous variables, and percentages were calculated for 
categorical variables. Differences in distributions of emin 
types and superantigens of GAS isolates were compared 
between subgroups of participants by using the test or 
Fisher exact test. In addition, we compared antimicrobial 
drug susceptibilities by strain emin type by using the x^test. 
We used multivariate unconditional logistic regression 
analyses to determine factors associated with various clini- 
cal signs of scarlet fever in patients with confirmed GAS 
infection. All statistical tests were 2-sided, and statistical 
significance was defined as p<0.05. 

Results 

Comparison of the 2011 Epidemic and 2006-2010 
Cluster Outbreaks 

According to NNIDSS, the annual number of scar- 
let fever cases in Beijing during 2006-2010 ranged from 
1,193 to 2,264, and annual incidence rates ranged from 


7.0 cases to 14.3 cases/100,000 population. In 2011, how- 
ever, the number of scarlet fever cases in Beijing rose to 
6,152, and the incidence rate rose to 31.4 cases/100,000 
population. Peak monthly incidence rates in 2011 were 
2. 9-6. 7 times those in 2006-2010. During the epidemic 
and during 2006-2010, scarlet fever cases peaked twice 
yearly: 1 peak occurred in early summer, and a second, 
less pronounced peak occurred in winter, except in 2010, 
when the winter peak was more pronounced (Figure, 
panel A). 

Scarlet fever primarily affected children 3-8 years of 
age during the epidemic and nonepidemic years (Figure, 
panel B). During these years, the ratio of males to females 
in Beijing was 1.5: 1.8, respectively, and the annual inci- 
dence of scarlet fever was persistently higher among males 
than females (Figure, panel C). 

In Beijing, a cluster of scarlet fever was defined as on- 
set of >2 clinical cases within a 7-day period in a school or 
kindergarten. According to this definition, 37-131 clusters 
(85-316 cases) occurred during 2006-2010 in Beijing, and 
401 clusters (1,116 cases) occurred during 2011. In addi- 
tion, case-patient follow-up showed that all cases reported 
during May-December, 2011, were fully resolved 3 weeks 
after illness onset without complications. 




Figure. Scarlet fever incidence, Beijing, China, 2006-2011, as reported in the National Notifiable Infectious Disease Surveillance System. 
A) Number of cases and incidence rate by month. B) Incidence rate by age. C) Incidence rate by sex. 
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Characteristics of Chiidren Enroiied in 
Enhanced Surveiiiance 

A total of 3,359 children, representing 972 clinical 
cases of scarlet fever and 2,387 cases of pharyngitis, were 
enrolled in enhaneed surveillanee for GAS disease. Of the 
3,359 enrollees, »41.0% were female. The mean age was 
5.8 years (SD ± 3.3 years). The mean interval from illness 
onset to first medieal visit was 1.5 days (SD ± 1.5 days). 
Approximately 41.2% of the children reeeived antimiero- 
bial drugs at home before seeking medieal eare. 

Of the 3,359 enrollees, 647 (19.2%) were eonfirmed 
to have GAS infection. GAS was isolated from clini- 
cal samples for 44.2% (430/972) of the children with 
searlet fever and from 9.1% (217/2,387) of the children 
with pharyngitis. 

emm Subtypes and Superantigens 

emmll type accounted for 76.4% (494/647) of all 
GAS isolates. The leading emm subtypes were emmll. 0 
(65.7%), emml.O (16.8%), emm 12. 19 (5.7%), and emm 12.1 
(2.5%). There was a statistieally significant difference in 
the proportion of emm 12 type GAS in children <5 years of 
age and those >5 years of age (p = 0.004) and in the propor- 
tion of emml scarlet fever cases and pharyngitis eases (p = 
0.042) (Table 1). 

All of the GAS isolates harbored speB, and almost all 
possessed speC, speF, speG, smeZ, and ssa. Approximately 
20% of the isolates harbored speA or speJ, and «75% pos- 
sessed speH or spel\ however, the percentage of isolates 
that harbored speK, speL, or speM was extremely low (Ta- 
ble 1). A total of 25 profiles of superantigens were found in 
the GAS isolates. Of the 494 emmll isolates, 411 (83.2%) 


had the following superantigen profile: speA (-), speB (-I-), 
speC (+), speF (-I-), speG (+), speFl (-I-), spel (+), speJ (-), 
speK (-), speL (-), speM (-), smeZ (-I-), ssa (+). Of the 111 
emml isolates, 93 (83.8%) had the following superantigen 
profile: speA (-I-), speB (-I-), speC (+), speF (-I-), speG (+), 
speFI (-), spel (-), speJ (+), speK (-), speL (-), speM (-), 
smeZ (-I-), ssa (+). 

Antimicrobial Drug Susceptibility 

All GAS strains isolated during the scarlet fever 
epidemie were susceptible to penieillin, ampieillin, 
quinupristin-dalfopristin, linezolid, vancomycin, and ti- 
gecycline, and 96.6% of them were suseeptible to levo- 
floxacin. Resistance to erythromyein, tetraeycline, and 
clindamyein was found in 96.1%, 93.7%, and 79.4% of 
the isolates, respectively. A statistieally signifieant dif- 
ference was found between the percentage of emml and 
emmll strains resistant to clindamycin (87.4% vs. 77.9%, 
respectively; p = 0.025) but not between the percentage 
of those resistant to erythromyein (99.1% vs. 96.4%, re- 
spectively; p = 0.134) or tetracycline (97.3% vs. 93.1%, 
respectively; p = 0.097). 

Factors Associated with Clinical Signs of Scarlet Fever 

The odds of having strawberry tongue was higher for 
GAS-infected study participants <5 years of age (odds ra- 
tio [OR] 2.04, 95% Cl 1.46-2.83; p < 0.001). The odds 
of having a red rash was higher for partieipants infected 
with an emml versus emmll type strain (OR 1.63, 95% 
Cl 1.01-2.62; p = 0.046) and for partieipants <5 years of 
age (OR 2.52, 95% Cl 1.74-3.65; p<0.001). Compared 
with patients with emmll type strains, those with emml 


Table 1 . SAgs and emm types of group A Streptococcus circulating during a scarlet fever epidemic, Beijing, China, 2011* 

No. (%) patients, 

No. (%) patients, by age No. (%) patients, by sex by clinical diagnosis 


emm type 

<5 V, 

>5 y. 

P 

Male. 

Female, 

P 

Scarlet fever. 

Pharyngitis, 

P 

Total, 

or SAg 

n = 246 

n = 401 

value 

n = 402 

n = 245 

value 

n =430 

n = 217 

value 

n = 647 

emm type 











12 

203 (82.5) 

291 (72.6) 

0.004 

303 (75.4) 

191 (78.0) 

0.453 

331 (77.0) 

163 (75.1) 

0.599 

494 (76.4) 

1 

34 (13.8) 

77 (19.2) 

0.078 

73 (18.2) 

38(15.5) 

0.386 

83(19.3) 

28 (12.9) 

0.042 

111 (17.1) 

Otherf 

9 (3.7) 

33 (8.2) 

0.022 

26 (6.5) 

16 (6.5) 

0.975 

16 (3.7) 

26 (12.0) 

< 0.001 

42 (6.5) 

SAg 

SpeA 

47 (19.1) 

96 (23.9) 

0.150 

91 (22.6) 

52 (21.2) 

0.675 

99 (23.0) 

44 (20.3) 

0.427 

143 (22.1) 

SpeB 

246 (100.0) 

401 (100.0) 

NA 

402 (100.0) 

245(100.0) 

NA 

430(100.0) 

217 (100.0) 

NA 

647(100.0) 

SpeCt 

243 (98.8) 

400 (99.8) 

0.156 

398 (99.0) 

245(100.0) 

0.303 

427 (99.3) 

216(99.5) 

1.000 

643 (99.4) 

SpeFt 

245 (99.6) 

400 (99.8) 

1.000 

401 (99.8) 

244 (99.6) 

1.000 

429 (99.8) 

216(99.5) 

1.000 

645 (99.7) 

SpeGt 

246 (100.0) 

399 (99.5) 

0.528 

400 (99.5) 

245(100.0) 

0.529 

428 (99.5) 

217 (100.0) 

0.554 

645 (99.7) 

SpeH 

192 (78.0) 

301 (75.1) 

0.387 

299 (74.4) 

194 (79.2) 

0.164 

326 (75.8) 

167 (77.0) 

0.747 

493 (76.2) 

Spel 

190 (77.2) 

302 (75.3) 

0.578 

301 (74.9) 

191 (78.0) 

0.373 

327 (76.0) 

165 (76.0) 

1.000 

492 (76.0) 

SpeJ 

47 (19.1) 

92 (22.9) 

0.249 

87 (21.6) 

52 (21.2) 

0.900 

99 (23.0) 

40 (18.4) 

0.180 

139 (21.5) 

SpeKt 

1 (0.4) 

3 (0.7) 

1.000 

1 (0.2) 

3(1.2) 

0.155 

0 

4 (1.8) 

0.012 

4 (0.6) 

SpeL j 

2 (0.8) 

5(1.2) 

0.715 

4 (1.0) 

3(1.2) 

1.000 

2 (0.5) 

5 (2.3) 

0.046 

7(1.1) 

SpeM 

5 (2.0) 

9 (2.2) 

0.857 

8 (2.0) 

6 (2.4) 

0.697 

9(2.1) 

5 (2.3) 

0.862 

14(2.2) 

SmeZt 

245 (99.6) 

400 (99.8) 

1.000 

401 (99.8) 

244 (99.6) 

1.000 

428 (99.5) 

217 (100.0) 

0.554 

645 (99.7) 

Ssa 

241 (98.0) 

391 (97.5) 

0.705 

394 (98.0) 

238 (97.1) 

0.477 

427 (99.3) 

205 (94.5) 

< 0.001 

632 (97.7) 


^Boldface indicates statistical significance. SAg, superantigen. 
fOther emm types included types 4,11, 22, 75, and 89. 
JFisher exact test was used. 
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type strains had a higher probability of having Pastia lines 
(OR 1.80, 95% Cl 1.02-3.16; p = 0.043) or eircumoral pal- 
lor (OR 2.15, 95% Cl 1.17-3.93; p = 0.013) (see Table 2, 
Appendix, wwwne.cde.gov/EID/article/1 9/6/12- 1020-Tl. 
htm, for details). 

Discussion 

We found that an epidemie of searlet fever oeeurred in 
Beijing in 2011. emmll was the predominant type among 
the eirculating GAS strains, and resistanee to erythromyein, 
tetraeycline, and clindamyein was high among the isolates. 

Although the ineidenee of searlet fever in Beijing in 
2011 was mueh higher than that in preeeding years, the 
basie eharaeteristies, ineluding the seasonality of epidemie 
peaks, the most vulnerable age group, and the differenee in 
suseeptibility to infection by sex, did not change. In Beijing, 
the incidence of scarlet fever usually peaks twice a year in 2 
distinct seasons-summer and winter-with the highest peak 
in early summer; however, it is well-recognized that scarlet 
fever most commonly occurs in winter/spring in other lo- 
cations (24,25). This finding indicates that in China, GAS 
is transmitted more easily in early summer than in winter, 
possibly because in early summer, compared with winter, 
each year an emm type that is relatively new to young chil- 
dren sweeps through a population of children that does not 
have an effective level of population immunity. In addition, 
the winter peak in 2010 was higher than the summer peak, 
which implies that this epidemic of scarlet fever started at 
the end of 2010. 

Among the GAS strains we identified circulating in Bei- 
jing during 2011, types emmll and emml were most pre- 
dominant («76% and »17%, respectively); these percentages 
were higher (»40%) and lower (>40%), respectively, than 
those reported in China during previous years (13,26,27). 
Scarlet fever outbreaks also occurred in Hong Kong and 
Shanghai, China, during 2011, and emmll was the predomi- 
nant circulating type (28-30). These findings suggest that 
some intrinsic factors might have facilitated the spread of 
emmll strains and led to the epidemic. Two previously unre- 
ported genomic insertions (64.9 kb and 46.4 kb) were identi- 
fied in emmll GAS strains isolated during the 2011 scarlet 
fever outbreak in Hong Kong. However, analysis of emmll 
strains isolated during 2005-2010 showed that the insertions 
were also present in those strains (28), and the study con- 
cluded that mobile genetic elements, environmental factors, 
and host immune status might have contributed to the 2011 
scarlet fever outbreak in Hong Kong. 

emmll is not known to be the exclusively predomi- 
nant GAS type in other countries (9,31,32), but it is pos- 
sible that the emmll type strains circulating in China in 
2011 could spread to other regions. Therefore, surveil- 
lance for the increased presence of emmll strains outside 
of China is warranted. A 30-valent GAS vaccine that con- 


tains the most prevalent emm types found in our study 
(emmll and emml) is under development (8); such a vac- 
cine would help prevent and control the spread of GAS 
diseases in China. 

Superantigens in the GAS isolates in our study were 
similar to those found in isolates from other studies, except 
for speC and ssa. In contrast to findings in other studies, we 
found that almost all emml GAS strains from the 2011 Bei- 
jing epidemic harbored speC, and ssa became the primary 
superantigen of emml and emmll isolates (11,32,33). Con- 
sistent with findings in earlier studies in other locations, 
we found that an extremely low number of GAS isolates 
harbored speK, speL, ox speM (11,33,34). 

All GAS isolates from the 2011 Beijing epidemic were 
susceptible to penicillin, a standard antimicrobial drug for 
the treatment of scarlet fever. However, >96% and »94% 
of the isolates were resistant to erythromycin and tetracy- 
cline, respectively, and »80% were resistant to clindamy- 
cin. These findings compare with earlier findings of 99.5%, 
97.1%, and 99.5% resistance to erythromycin, tetracycline, 
and clindamycin, respectively (27). The extent of the re- 
sistance of GAS strains to erythromycin and tetracycline 
in many other countries has been very low (11,1 7,18). The 
high resistance rate in China might be attributed to the 
overuse of antimicrobial drugs in humans or animals. 

In our study, the odds of having strawberry tongue or 
red rash with GAS infection was higher for younger pa- 
tients. This could indicate that older patients had acquired 
partial immunity to GAS from a previous exposure or in- 
fection, resulting in milder clinical manifestation of the dis- 
ease during subsequent infection. 

This study had limitations. First, to track case out- 
comes, we followed up on the scarlet fever case-patients 
for 3 weeks after illness onset, which may not have al- 
lowed sufficient time to capture later-occurring complica- 
tions; thus, outcome profiles may have been incomplete. 
Second, the enhanced surveillance in Beijing did not 
include invasive GAS diseases, so we could not report 
on all GAS strains circulating during the 2011 scarlet 
fever epidemic. 

The 2011 scarlet fever epidemic in Beijing was charac- 
teristic of other scarlet fever epidemics and occurred after 
an abnormal peak winter incidence of the disease in 2010. 
emmll type GAS became predominant. The level of GAS 
resistance to clindamycin was lower than that to erythro- 
mycin and tetracycline. 
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Transmission Potentiai of Rift Vaiiey 
Fever Virus over the Course of the 
2010 Epidemic in South Africa 
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A Rift Valley fever (RVF) epidemic affecting animals 
on domestic livestock farms was reported in South Africa 
during January-August 2010. The first cases occurred af- 
ter heavy rainfall, and the virus subsequently spread coun- 
trywide. To determine the possible effect of environmental 
conditions and vaccination on RVF virus transmissibility, 
we estimated the effective reproduction number (RJ for 
the virus over the course of the epidemic by extending the 
Wallinga and Teunis algorithm with spatial information. Re 
reached its highest value in mid-February and fell below 
unity around mid-March, when vaccination coverage was 
7.5%-45.7% and vector-suitable environmental conditions 
were maintained. The epidemic fade-out likely resulted first 
from the immunization of animals following natural infection 
or vaccination. The decline in vector-suitable environmen- 
tal conditions from April onwards and further vaccination 
helped maintain below unity. Increased availability of 
vaccine use data would enable evaluation of the effect of 
RVF vaccination campaigns. 


R ift Valley fever (RVF) is a zoonotie arbovirosis eaused 
by infection with a phlebovims (family Bunyaviridae, 
genus Phlebovims). The main vectors are specific Aedes 
and Culex spp. mosquitoes, and primary hosts are sheep, 
goats, and cattle (1,2). RVF epidemics usually occur after 
heavy rainfalls, which inundate ephemeral wetlands and 
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Kemp); and Queen’s University Belfast, Belfast, Northern Ireland, 
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enable large numbers of Aedes spp. mosquito eggs to hatch; 
it has been hypothesized that these mosquitoes harbor RFV 
virus (i-5). Virus transmission is sustained in locations 
with more persistent surface water, which provides suit- 
able breeding conditions for other vectors, such as Culex 
sp. mosquitoes (6). RVF epidemics among animal herds 
cause abortion storms, affecting all stages of pregnancy, 
and high death rates among neonates. Epidemics among 
humans often cause influenza-like illness, although severe 
conditions (e.g., hemorrhagic fever and death) have been 
reported (1,2). 

RVF epidemics occurred in South Africa in 1950- 
1951 (7), 1973-1975 («), and 2010-2011. The 2010 wave 
started in January and February in Free State Province and 
subsequently spread to almost all provinces in South Africa 
(Figure 1, panel A). Animals from a variety of species were 
affected (e.g., cattle, sheep and goats, buffaloes, camels, 
and other wild animals), and 95% (n = 470) of the affected 
farms raised cattle, small ruminants (sheep/goats), or both 
(9). The incidence peaked in March, and the last case of that 
wave was reported in August 2010. The epidemic resumed 
in January 2011, affecting 124 farms, mainly in Eastern 
Cape Province (Figure 1, panel B) (10). The start of the 
2010 epidemic was attributed to heavy rainfall in January 
and February (11,12). The fade-out of the 2010 wave could 
be attributed to several factors: a depletion of susceptible 
hosts after natural infection or vaccination (13)', a change 
of environmental conditions affecting the sustainability of 
vector breeding, such as a decrease in temperature (14)', the 
drying of wetlands; or a combination of these factors. 

The effective reproduction number (R) is a key epide- 
miologic parameter that measures the transmission poten- 
tial of the causative agent of a disease during an epidemic. 
R is defined by the number of secondary infections result- 
ing from 1 infectious case in a population in which some 
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members are already immune (75). When 7? is above 1, the 
infection spreads; maintenance of below 1 is required to 
stop an outbreak {16). 

The objective of this study was to estimate R at the 
farm level over the course of the 2010 RVF epidemic 
wave in South Africa by applying the Wallinga and Ten- 
nis transmission tree-reconstruction method (7 7), extend- 
ed to use geographic information. By tracking the trans- 
mission potential of the virus and comparing our findings 
with data on vaccination and climate (rainfall and tem- 
perature), we determined plausible reasons for fade-out 
of the epidemic wave. 

Methods 

RVF Dataset and Study Period 

A total of 470 RVF cases were reported over the study 
period (January-August 2010). A case was defined as an 


outbreak reported from a farm raising cattle, small rumi- 
nants, or both (9). Available information comprised the 
global positioning system coordinates and outbreak start- 
ing dates for the affected farms. 

Estimation of Effective Reproduction Number 

The Wallinga and Teunis method (7 7), extended with 
spatial information, enables estimation of R at the farm 
level by calculating the relative likelihood, or probability 
(/?p, that a specific farm (;) gets infected from another 
specific farm (/). This probability,/?., is equal to the prob- 
ability that farm j infects farm ;, divided by the proba- 
bility that farm i had been infected from any other farm 
{k) in the dataset (Figure 2). These probabilities depend 
on the number of days separating the onset of symptoms 
on the 2 farms (; and j) and the distance (in kilometers) 
separating i and j, and the probabilities were extracted 
from a probability density function of the generation 
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Figure 1. Rift Vaiiey fever epidemic, 
South Africa, 2010-2011. A) Location 
of cases. Unmarked area in center 
right is Lesotho (no data). B) Epidemic 
curve for the 2 years. NC, Northern 
Cape; NW, North West; LP, Limpopo; 
GT, Gauteng; MP, Mpumaianga; FS, 
Free State; KN, KwaZuiu-Natai; EC, 
Eastern Cape; WC, Western Cape. 
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Figure 2. Schematic representation of the Waiiinga-Teunis aigorithm 
extended with spatiai information. Farm / couid get infection from 
Farm j, but it aiso couid get infection from Farms /(,, k^, and k^. 
in this exampie, the most iikeiy time difference between onset of 
symptoms is 4 days (based on the seriai intervai distribution, given 
beiow the x-axis), and the most iikeiy distance between farms is 
short (<1 km). Therefore, Farm j is the most iikeiy farm to have 
infected Farm / (this scenario maximizes the probabiiity in both 
dimensions). See the oniine Technicai Appendix (wwwnc.cdc.gov/ 
EiD/articie/19/6/12-1641-Techapp1 .pdf) for detaiis. 


interval (online Teehnieal Appendix, wwwnc.ede.gov/ 
EID/article/19/6/12-1641-Techappl.pdf). The generation 
(or serial) interval was defined as the time between onset 
of symptoms for a primary case and the onset of symp- 
toms for its secondary case (18). In the stylized example 
in Figure 2, the most likely time difference was 4 days 
(determined on the basis of the serial interval distribution, 
given below the x axis), and the most likely distance is 
short (<1 km). Therefore, farm j is the most likely farm 
to have infected farm i (this maximized the probability in 
both dimensions). 

Because no independent dataset (i.e., from another epi- 
demic in another country) was available to estimate a gen- 
eration interval for RVF at the farm level and in 2 dimen- 
sions (i.e., distance and time), we used the dataset for the 
2011 RVF outbreak in South Africa. In a previous analysis, 
Metras et al. (19) estimated the spatiotemporal interaction 
(or proximity) from the 2011 dataset [denoted DJ(S,t)) by 
using the space-time A/- function (20). These Dj(s,t) values 
were used as a generation interval distribution to calculate 
Py (online Technical Appendix). 

Sensitivity Anaiysis 

The shape of the Dj(s,t) plot, peaking for short space- 
time windows (Figure 3), suggested that most of the 


transmission was attributed to short-distance mechanisms 
(e.g., local vector dispersal) rather than long-distance 
mechanisms (e.g., movement of infectious animals or 
wind carriage of vectors) (79). By using this generation 
interval for the duration of the epidemic, a constant and 
high importance of short-distance transmission mecha- 
nisms was assumed. However, as the epidemic grew, these 
short-distance transmission mechanisms were likely to 
be less important; or in, other words, as farms around a 
case became infected and immune, short-distance trans- 
mission was likely to be less involved in disease spread. 
Thus, we investigated the variations of R by giving less 
weight to short-distance transmission and more weight to 
long-distance transmission. To obtain such serial interval 
distributions, the Dj(s,t) distribution was flattened by us- 
ing a 2-dimensional double exponential kernel function 
with bandwidth values equal to 1, 3, and 5, resulting in 
3 smoothed surfaces (Figure 3). It was assumed that the 
bandwidth equal to 1 would better correspond to the serial 
interval distribution at the early stage of the epidemic and 
that bandwidth values 3 and 5 would better describe the 
intensity of the transmission when the population started to 
be immune (i.e., at the later stages of the epidemic). 

Vaccination Coverage and Ciimate Data 

We collected information on animal vaccination and 
climate to determine the potential effect of these factors on 
the fade-out of the 2010 RVF epidemic. RVF vaccination 
in South Africa is not compulsory and is not implemented 
by the government. Although the government can strongly 
advise farmers to vaccinate their animals, implementa- 
tion of vaccination on a farm depends on the individual 
farmer’s decision. Therefore, data on vaccination are es- 
pecially limited. 

Onderstepoort Biologic Products Ltd. (Onderstepoort, 
South Africa), the sole provider of RVF vaccine in South 
Africa, calculates its yearly sales from April of one year to 
March of the next year (27). During April 1, 2009-March 
31, 2010, »3.4 million RVF vaccine doses (live attenuated 
Smithbum and inactivated) were sold, and during April 1- 
May 31, 2010, »5.8 million doses were sold (Table 1) (22). 
In our study. Period 1 corresponded with the time before 
the 2010 epidemic (April 1, 2009-January 18, 2010); Pe- 
riod 2 corresponded with the start of the 2010 epidemic and 
the end of the 2009 vaccine sales year (January 19, 2010- 
March 31, 2010); and Period 3 corresponded with April 1, 
2010-May 31, 2010, beyond which no vaccine sales data 
were available (Table 1). Vaccination coverage was esti- 
mated up to March 31, 2010 (end of Period 2) and up to 
May 31, 2010 (end of Period 3). Since no spatial (i.e., loca- 
tion-specific) information on vaccine sales was available, 
vaccination coverage was estimated under 3 scenarios (A, 
B, and C): Scenario A assumed that vaccination coverage 
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Figure 3. Distribution of by time and distance [D^(s,f)]. D„{s,f) is a measure of spatiotemporai interaction between cases that was 
estimated by using the space-time K-function (19,20); the distribution is indicated by the pink dashed iine. The green, yeilow, and biue 
iines are the smoothed distributions, which were obtained with bandwidth vaiues of 1, 3, and 5, respectiveiy. A) Piot of D„(s,f) vaiues by 
distance on day 1. B) D„(s,f) vaiues by time at distance of 5 km. C) Piot of DJ^sJ) vaiues by distance on day 5. D) DJ^sJ) vaiues by time at 
distance of 15 km. 


was applied throughout South Africa proportional to the 
livestock population; Scenario B assumed that the number 
of vaccines used in a province over a specific period was 
proportional to the number of cases reported in that prov- 
ince over that same period; Scenario C assumed that all 
vaccines were used in Free State Province during Periods 
2 and 3 and that no vaccine had been used before the epi- 
demic (Period 1). Therefore, using Scenario C, we could 
estimate the maximum coverage for Free State Province, 
which was the first and most affected province and also the 
one in which the government strongly supported vaccina- 
tion (13). Formulas used to calculate vaccination coverage 
are available in the online Technical Appendix. 

Most RVF cases were reported in Free State Province, 
although Northern Cape Province had the most cases in Pe- 
riod 3 (Table 1). Therefore, we averaged the daily minimum 
and maximum temperatures and total monthly rainfall from 
5 weather stations in Free State (Bloemfontein, Kroons- 
tad, Welkom, Fauresmith, and Gariep Dam) and 4 weather 


stations in Northern Cape (Kimberley, Prieska, De Aar, and 
Noupoort) (South African Weather Service, pers. comm.). 

Herd Immunity Threshold 

Flerd immunity threshold (FlIT) is defined as the pro- 
portion of animals that needs to be immune to a pathogen 
to control transmission (15): 

HIT = 1 - 1/Rg 

In the equation, R^, the basic reproduction number, is 
the expected number of secondary cases generated by a pri- 
mary case in a totally susceptible population and measures 
the potential for an infectious agent to start an outbreak. 
To compare the estimated vaccination coverage at the end 
of March with the proportion of farms on which animals 
should have been immune (either by natural infection or 
vaccination) to control transmission, we approximated HIT 
by replacing R^ in the equation by the highest value of R^ 
(and its 95% Cl values) at the start of the epidemic. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


919 


RESEARCH 


Table 1 . Number of farms affected by Rift Valley fever before and during first 4.5 months of the 2010 epidemic, South Africa 




No. (%) farms affected 



Before the epidemic 


First 4.5 months of the epidemic 


Province 

Period 1 , April 1 , 2009- 
January 18, 2010* 

Period 2, January 19- 
March 31, 2010* 

Period 3, April 1-May 31 , 
201 Ot 

Periods 2 and 3, January 
19-May 31, 2010 

Free State 

0(0) 

208 (66.9) 

41 (27.2) 

249 (53.9) 

Northern Cape 

19 (67.9) 

61 (19.6) 

54 (35.8) 

115 (24.9) 

Eastern Cape 

0 

24 (7.7) 

26 (17.2) 

50 (10.9) 

Kwazulu-Natal 

8 (28.6) 

0 

0(0) 

0 

North West 

0 

7 (2.3) 

8 (5.3) 

15 (3.2) 

Mpumalanga 

1 (3.6) 

5(1.6) 

0 

5(1.1) 

Western Cape 

0 

4(1.3) 

20 (13.2) 

24 (5.2) 

Gauteng 

0 

2 (0.6) 

1 (0.7) 

3 (0.6) 

Limpopo 

0 

0 

1 (0.7) 

1 (0.2) 

All provinces 

28 (100.0) 

311 (100.0) 

151 (100.0) 

462 (100.0) 

*A total of 3.4 million Rift Valley fever vaccine doses were sold during Periods 1 and 2. 
t5.8 million Rift Valley fever vaccine doses were sold during Period 3. 




Software 

The analysis and plots were done by using R version 
2.14.0 (23). Kernel smoothing was performed by using the 
image. smooth funetion in the fields paekage (24). 

Results 

Estimation of Effective Reproduction Number 

The estimated transmission potential of RVF virus 
from farms with infeeted animals peaked in mid-February 
(R^ = 4.3, 95% Cl 2. 0-6. 5), dropped sharply within a few 
days (R^ ~ 1.8, 95% Cl 1.21-2.43), and then remained at 
==1.5 until mid-Mareh, at whieh time it dropped below uni- 
ty, where it remained until the end of the epidemie (Figure 
4). In addition, the lower bound of the 95% Cl dropped 
and remained below 1.0 from mid-February onwards. In 
January and February, the most highly infeetious farms 
(R>2) were loeated in Free State Provinee (Figure 5, pan- 
els A-C), and although the data suggest the epidemie was 
still eontained in Free State Provinee in February, a rapid 
fall in the R value was observed (Figure 4). In Mareh, the 
epidemie had spread to other provinees, mainly Northern 
Cape, and transmission was ongoing. In April, the spatial 
extent of the virus was similar to that in Mareh, but most of 
the affeeted farms were not sourees of ongoing transmis- 
sion (R <1). By May, only 7 spatially isolated farms had R 
above unity. 

Figure 6 shows the variability of R for the different 
serial interval distributions used in our analyses. In the 
early stages of the epidemie, R was smaller when using 
input distributions that gave more weight to short-distanee 
transmission [Dj(s,t) and bandwidth 1] beeause it used only 
those eases closer in time and space, whereas when R was 
estimated with flatter distributions (bandwidths 3 and 5), it 
also encompassed longer-distance transmission. However, 
for all distributions, the important variations ofR followed 
the same trend over time: a marked peak in January and 
February and stable transmission between late February 
and early March. 


Vaccine Coverage and Climate Data 

At the end of March, we estimated vaccination cover- 
age in Free State and Northern Cape Provinces to be 7.5% 
by applying vaccine coverage throughout the country in 
proportion to the livestock population (Scenario A, Table 
2). When the number of vaccines used in each province 
was proportional to the number of RVF cases in each prov- 
ince, vaccination coverage was 28.2% in Free State and 
11.0% in Northern Cape (Scenario B, Table 2). When all 
vaccines were used at the early stages of the epidemic in 
Free State Province only, vaccination coverage reached its 
highest value (45.7%) (Scenario C, Table 2). At the end 
of May, vaccination coverage in Free State was 20.4%, 
49.4%, and 100.0% for Scenarios A, B, and C, respective- 
ly; vaccination coverage in Northern Cape Province was 
39.6% for Scenario B (Table 2). In Scenario C, the total 
number of vaccines sold at the end of March was greater 
than the number of livestock in Free State Province. Thus, 
assuming that the spillover vaccine was used in Northern 
Cape, the estimated vaccination coverage in that province 
was 24.3%. 

In Free State Province, monthly rainfall peaked in 
January (152 mm total). Substantial rainfall, although de- 
clining, persisted until April (58 mm total) and dropped 
in May (9 mm total), eventually approaching zero in 
September (Figure 4). The average daily temperature 
dropped from 24°C to 18°C during the study period; a 
decrease of 6°C (from 21°C to 15°C) occurred from mid- 
March to mid-May. Minimum daily temperatures fell 
below 13°C from early April onwards, but most of the 
time, the maximum daily temperature remained above 
15°C. Rainfall and temperature estimates followed a 
similar trend in Free State and Northern Cape Provinces 
(Figure 7). 

Herd Immunity Threshold 

In early February, the highest R value was 4.3 (95% 
Cl 2. 0-6. 5). The HIT at that time was therefore estimated 
at «78.9%, varying between 50.0% and 84.6%. 
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Discussion 

R reached its highest value in early February (R = 
4.3, 95% Cl 2. 0-6. 5). Although R^ fell below unity in mid- 
March, the lower bound of its 95% Cl dropped below 1 .0 
in mid-February. Until the end of March, most RVF cases 
were recorded in Free State Province, and vaccination cov- 
erage was estimated between 7.5% and 45.7%. During this 
time, rainfall was substantial (73 mm total in March), so 
water was maintained in water bodies, and average tem- 
perature ranges (17°-24°C) were recorded (14). In addi- 
tion, the minimum HIT was estimated at 50%. In April and 
May, R was maintained below 1.0, more RVF cases were 
reported in Northern Cape, and vaccination coverage in 
Free State and Northern Cape varied between 20.4% and 
100.0%. The level of rainfall was maintained until the end 
of April (58 mm total) and dropped to 9 mm in May; tem- 
peratures averaged below 20°C most days. 

The R peak observed in February followed the heavy 
rain observed in January, which, together with warm tem- 
peratures, created suitable environmental conditions for 
a massive hatching of Aedes spp. mosquito eggs (specifi- 
cally, Aedes juppi, Ae. cahallus, and Ae. linneatopennis 
in South Africa [25]) and initiation of the RVF outbreak. 
The virus originated from infected Aedes mosquito eggs 


(5,26) or possibly from other sources (e.g., long-distance 
vectors or movement of infected animals). Despite the 
decline in rainfall during January-March (from 152 mm 
to 73 mm/month) in Free State Province, transmission of 
RVF virus continued, although at a lower intensity. The 
continued transmission suggested that the lower amount 
of rainfall was sufficient to keep water bodies with good 
retention capacity filled and, thus, enable secondary vec- 
tors (e.g., Cx. theileri and Anopheles cinereus) (25) to 
sustain virus transmission in Free State and Northern 
Cape Provinces. From April onwards, the drop in rainfall 
may have contributed to a decreased abundance of Cu- 
lex spp. mosquitoes; lower temperatures may have also 
slowed virus replication and shedding in Culex spp. vec- 
tors, as has been observed for Cx. pipiens (27,28), and 
thereby reduced virus transmission. 

Given the environmental conditions, the RVF epi- 
demic could have continued at least until the end of 
March in Free State Province. However, a depletion of 
susceptible animals after natural infection or vaccination 
probably caused the R to fall below unity 2 weeks earlier 
(mid-March) and the lower bound of its 95% Cl to fall 
in mid-February. In addition, the minimum HIT was es- 
timated at 50.0%, but at the end of March, the estimated 
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Figure 4. Rift Vaiiey fever incidence (bars), daiiy effective reproduction number (R^; red dashed iine), and smoothed mean of R^ (soiid red 
iine) over the courseof 2010 epidemic in Free State Province, South Africa. Biue dots, estimates of concurrent totai monthiy rainfaii; dashed 
green iine, average daiiy temperature. Vaccination coverage (VC) by March 31, 2010, and May 31, 2010, for Scenarios A-C (descriptions 
foiiow) are indicated at the top of the graph. Scenarios: Scenario A assumed that vaccination coverage was appiied throughout South 
Africa in proportion to the iivestock popuiation; Scenario B assumed that the number of vaccines used in a province over a specific period 
was proportionai to the number of cases reported in that province over that same period; Scenario C assumed that aii vaccines were used 
in Free State Province during Period 2 (January 19-March 31, 2010) and Period 3 (Aprii 1-May 31, 2010) and that no vaccine had been 
used before the epidemic (Period 1, Aprii 1, 2009-January 18, 2010). The horizontai dashed iine represents the threshoid vaiue R,, = 1- 
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Figure 5. Effective reproduction number {RJ per affected farm, by province, over the 2010 Rift Vaiiey fever epidemic, South Africa. A) 
January and February. B) March and Aprii. C) May and June. Juiy and August are not dispiayed because no cases were reported in Juiy, 
and was 0 for the oniy farm reported in August. NC, Northern Cape; NW, North West; LP, Limpopo; GT, Gauteng; MP, Mpumaianga; 
FS, Free State; KN, KwaZuiu-Natai; EC, Eastern Cape; WC, Western Cape. The unmarked area to the right of center is Lesotho (no data). 


maximum vaccination coverage in Free State was 45.7% 
(Scenario C). By the end of May, vaccination coverage 
was higher, rainfall was very low, and temperatures con- 
tinued to decrease, all of which probably contributed to 
preventing further virus transmission. 

Several limitations with regard to the methods and data 
used might have altered the results of this study and their 
interpretation. First, the validity of the Wallinga and Tennis 
method assumes that all cases are reported and reported in 
a timely manner. The RVF cases used were those reported 
to the World Organisation for Animal Health. RVF is a no- 
tifiable disease that causes obvious signs in affected herds, 
so it is unlikely that underreporting was a major limitation. 
However, underreporting cannot be excluded, and we ac- 
knowledge that an assessment of its extent would increase 
the quality of the data. Another assumption of the Wallinga 
and Tennis estimation method is that the generation inter- 
val remains constant over the course of the epidemic. The 
sensitivity analysis showed that the shape of the generation 
interval chosen was important only in the early stages of 
the outbreak, when a high number of initial cases in the 


epidemic would equally involve short- and long-distance 
transmission mechanisms. Another limitation is that in the 
absence of identified disfincf cases resulting from initial vi- 
rus emergence or introduction, we considered that all cases 
for the entire epidemic as resulting from transmission from 
a single index case. In that setting, the initial values of R 
could have been overestimated. If multiple index cases 
could be identified, the model could be improved by study- 
ing transmission within clusters. The algorithm could also 
be extended to include other information, such as contact 
between farms caused by movement of animals or environ- 
mental data at a higher resolution. 

The second limitation is that the 2011 South African 
RVF dataset was used to build the serial interval distribu- 
tion because no data from another country or from anoth- 
er epidemic period were available. Although the use of an 
external dataset would have been more appropriate, the 
fact that the 2010 and 2011 waves occurred 1 year apart 
and had a different spatial extent (Figure 1) suggested 
that both datasets were reasonably independent. Howev- 
er, as a consequence of the 2010 wave, it is possible that 



Figure 6. Mean effective 
daiiy reproduction number 
{RJ during Rift Vaiiey fever 
epidemic, South Africa, 2010. R^ 
was estimated by using D„(s,f) 
vaiues (dashed biack iine) 
and D„(s,f) smoothed surfaces 
obtained with bandwidth vaiues 
of 1 (dark gray), 3 (medium 
gray), and 5 (iight gray). D„(s,f) 
vaiues were estimated by using 
the space-time K-function 
(19,20) and are a measure of 
the spatiotemporai proximity 
between cases. The horizontai 
dashed iine represents the 
threshoid vaiue R = 1. 
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vaccination was implemented in the 2011 affected area 
before the second wave actually started. If applied, vac- 
cination would not modify the shape of the space-time 
interaction in 2010 and 2011, but it might explain the 
difference in the intensity of the interactions {19). In all 
cases, the values measuring the intensity of the space- 
time interaction in 2010 would lie between the 

2011 values smoothed with a bandwidth between 1 and 
3, and because the sensitivity analysis suggested that the 
key variations oiR over time were not affected by these 
various surfaces, results remain robust. 

Another limitation is that vaccine, rainfall, and tem- 
perature data used to discuss the plausibility of different 
reasons for fade-out of the 2010 epidemic were centered 
on Free State Province. This is where the epidemic started, 
where vaccination by the government was first applied {13), 
and where 53.9% of the cases were reported by the end of 
May. Rainfall and temperature data were recorded for Free 
State Province, which is centrally situated with respect to 
the outbreak. There is great spatial variation in tempera- 
ture and rainfall across Free State Province and the country. 
However, rainfall countrywide was higher than usual that 
year {11,12); observations from the field confirmed a de- 
creased winter temperature in Free State Province, starting 
in April-May {14); and trends in environmental variables 
in Northern Cape Province were similar to those in Free 
State (Figure 5). 

Furthermore, limited vaccination data were available, 
so vaccination coverage was estimated under 3 scenarios. 
It is likely that a large proportion of the 3.4 million vaccine 
doses sold during April 2009-March 2010 were used in 
Free State Province at the early stages of the 2010 epidemic 
{13). However, some of those doses would have been used 
by farmers earlier in 2009 in KwaZulu-Natal and Northern 
Cape Provinces, where RVF cases were reported and vac- 
cination was applied {29,30), and in early 2010 because of 
the perceived risk of further outbreaks. However, detailed 


Table 2. Estimated vaccination coverage, under 3 different 
scenarios, during an epidemic of Rift Valley fever in 2 provinces 
in South Africa, 2010* 


% Vaccine coverage 


Free State Province 

Northern Cape Province 

Scenario 

March 31 

May 31 

March 31 

May 31 

A 

7.5 

20.4 

7.5 

20.4 

B 

28.2 

49.4 

11.0 

39.6 

C 

45.7 

>100.0 

0 

Of (24.3t) 


‘Scenario A assumed that vaccination coverage was applied throughout 
South Africa in proportion to the livestock population; Scenario B assumed 
that the number of vaccines used in a province over a specific period was 
proportional to the number of cases reported in that province over that 
same period; Scenario C assumed that all vaccines were used in Free 
State Province during Periods 2 (January 19-March 31, 2010) and 3 (April 
1-May 31, 2010) and that no vaccine had been used before the epidemic 
(Period 1, April 1, 2009-January 18, 2010). 
tAssumes that all vaccines are used in Free State. 

^Assumes that spillover vaccines from Free State were used in Northern 
Cape. 

figures on this were not available. Therefore, the most like- 
ly scenario might have been between Scenarios B and C, 
corresponding to vaccination coverage of 28.2%^5.7% in 
Free State Province. 

In conclusion, the results of this study suggest that a 
depletion of RVF-susceptible animals by natural infec- 
tion or vaccination first contributed to reduce RVF virus 
transmission in Free State Province and that the effect of 
further vaccination and the decrease in temperature from 
April onwards probably helped maintain R below unity. 
Disentangling and quantifying the relative importance of 
these factors would have benefited from detailed data on 
monthly vaccine sales and geographic use information. In- 
creasing the public availability of vaccine use data would 
enable further evaluation of the effect of RVF vaccination 
campaigns. 
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Effect of Travel 
on Influenza Epidemiology 

Sanne-Meike Belderok, Guus F. Rimmeizwaan, Anneke van den Hoek, and Gerard J.B. Sender 


To assess the attack and incidence rates for influenza 
virus infections, during October 2006-0ctober 2007 we 
prospectively studied 1,190 adult short-term travelers from 
the Netherlands to tropical and subtropical countries. Par- 
ticipants donated blood samples before and after travel and 
kept a travel diary. The samples were serologically tested 
for the epidemic strains during the study period. The at- 
tack rate for all infections was 7% (86 travelers) and for 
influenza-like illness (ILI), 0.8%. The incidence rate for all 
infections was 8.9 per 100 person-months and for ILI, 0.9%. 
Risk factors for infection were birth in a non-Western coun- 
try, age 55-64 years, and ILI. In 15 travelers with fever or 
ILI, influenza virus infection was serologically confirmed; 7 
of these travelers were considered contagious or incubating 
the infection while traveling home. Given the large number 
of travelers to (sub)tropical countries, travel-related infec- 
tion most likely contributes to importation and further influ- 
enza spread worldwide. 


I nternational tourism has increased tremendously, with 
»908 million tourist arrivals at airports worldwide in 
2007 (7). The annual number of travelers from the Nether- 
lands to tropical and subtropical countries, in a population 
of »16 million persons, doubled from «1 million in 1999 to 
«2 million in 2007 (2). Increased health risks, particularly 
infectious diseases, are associated with travel. Prospective 
studies estimate that up to 64% of short-term travelers expe- 
rience an illness related to travel to (sub)tropical countries 
(i-5). In these studies, respiratory tract infections were the 
second most frequent infectious disease contracted during 
travel, with attack rates (ARs) up to 26%; fever affected 
11%-19.9% of travelers while they were abroad (i-d). In- 
fluenza is one of the most frequently acquired infectious 
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lands (S.-M. Belderok, A. van den Hoek, G.J.B. Sender); Academic 
Medical Centre, Amsterdam (S.-M. Belderok, A. van den Hoek, 
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diseases among travelers (7). Respiratory tract infections, 
including influenza in 6% of cases, commonly caused ill- 
ness among patients admitted to a tertiary-care hospital af- 
ter they returned from travel (5). Among febrile travelers 
examined at hospitals after return, influenza was diagnosed 
in up to 15% {9-11). 

The World Health Organization (WHO) estimates that 
»5%-15% of the worldwide population is affected by sea- 
sonal influenza viruses annually (5). Outbreaks of influenza 
associated with travel by air, ship, or train indicate that in- 
ternational travelers are at risk for this infection (12-14) 
and may introduce novel strains into domestic populations 
(15,16). Indeed, in Europe in 2009, >29% of all confirmed 
cases of influenza A(HlNl)pdm09 virus were related to 
travel (77). Also, of patients admitted to Tan Took Seng 
Hospital in Singapore with confirmed influenza A(HINI) 
infection, 25% had traveled by plane after onset of illness, 
and 15% became ill while traveling (18). 

The incubation period for influenza is 1-5 days, with 
adults most infectious from 1 day before symptom onset to 
»5-7 days after symptom onset. In healthy adults, a wide 
range of symptoms occur, varying from classic influenza 
and mild illness to asymptomatic infection (79). Because 
influenza is highly contagious and has a short incubation 
period, travel probably contributes considerably to the rap- 
id spread of the virus (20). 

Intemperate climates, influenza is seasonal: most influ- 
enza activity occurs in winter, in the Northern Hemisphere 
during November-March and in the Southern Hemisphere 
during April-October. In the tropics, however, the destina- 
tion of many short-term travelers, influenza virus circulates 
at low levels year-round (21,22). 

Prospective research on influenza during travel is 
sparse. To our knowledge, the only prospective study 
that estimated the AR and incidence rate (IR) of influenza 
among travelers was a cohort study conducted during 1998- 
2000 (6). This study reported that 1.2% of all travelers had 
a confirmed influenza virus infection, defined as a >4-fold 
increase in antibody titers, and an influenza incidence of 1 .0 
per 100 person-months abroad. We prospectively estimated 
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the AR and IR for influenza, risk factors for and proportion 
of symptomatic and asymptomatic travelers, and geograph- 
ic areas with particular risk. 

Methods 

Study Population 

Persons attending the travel clinic of the Public Health 
Service Amsterdam during October 2006-0ctober 2007 
were recruited for this prospective study. All immunocom- 
petent persons >18 years of age were eligible if they were 
planning to travel for 1-13 weeks to >1 (sub)tropical coun- 
tries. We used the definition of the United Nations’ Depart- 
ment of Economics and Social Affairs (23) and categorized 
these countries in 6 regions: South America; Central Amer- 
ica and Caribbean; Middle, Western, and Northern Africa; 
Southern and Eastern Africa; Southeastern and Eastern 
Asia; and South-central and Western Asia. 

All participants were seen by a doctor or nurse who 
specialized in travel medicine. They received vaccina- 
tions, a prescription for antimalarial chemoprophylaxis if 
required, and oral and written information about how to 
avoid acquiring travel-related diseases in accordance with 
national guidelines of the Netherlands for travelers’ health 
(24). No additional information was provided about how 
to avoid respiratory infections. Influenza vaccination is not 
routinely advised for healthy travelers (25,26). 

Survey Methods 

Before departure and 2-6 weeks after return, partici- 
pants donated venous blood samples for serologic test- 
ing. A standard questionnaire was used before departure 
to collect data on sociodemographic characteristics, travel 
history, and purpose of the travel (tourism, work or educa- 
tion, or visiting friends and/or relatives [VFR]). History of 
influenza vaccination was not recorded. Participants were 
given a thermometer and asked to take their temperature if 
they felt feverish. They were also asked to keep a structured 
travel diary by recording itinerary, symptoms of disease 
(such as fever, sore throat, or coughing), and self-treatment 
or involvement of a doctor. Participants made daily diary 
entries from the day they arrived at their destination to 1 
week after their return, to encompass incubation periods of 
acute travel-related infections. After travel, the diary was 
checked for entry gaps and interpretations by a nurse in the 
participant’s presence. The study protocol was approved by 
the Medical Ethics Committee of the Academic Medical 
Center Amsterdam (MEC 06/016). 

Laboratory Methods and Case Definition 

All blood samples were immediately stored at 6°C. 
Blood samples for serologic testing were centrifuged (Het- 
tich Rotixa 50S, APP/407: program 1 [Hettich Rotixa, 


Beverly, MA, USA] 10 min. 3,000 rpm [210 x g]) and 
frozen at -80°C within 24 h until use. Paired serum sam- 
ples collected from each study participant before travel 
and after return were tested simultaneously. The serum 
samples were tested for antibodies against influenza vi- 
ruses by using the hemagglutination-inhibition (HI) assay, 
which was performed in duplicate according to standard 
methods (27,28) with turkey erythrocytes and 4 hemag- 
glutinating units of virus propagated in 11 -day-old em- 
bryonated chicken eggs. For this purpose, vaccine strains 
IVR-142 (AAVisconsin/67/05-like [H3N2]), IVR-116 (A/ 
New Caledonia/20/99-like [HlNl]), B/Malaysia/2506/04, 
and B/Florida/4/06 were used to represent the epidemic 
strains that circulated worldwide during the study period 
(29). Ferret antiserum raised against the respective vac- 
cine strains were used as positive controls (mean titers 
for subtype H3N2: 2,560; subtype HlNl: 1,280; strain B/ 
Malaysia: 480; and strain B/Florida: 1,280). For statisti- 
cal analysis, a titer of 5 was arbitrarily assigned to serum 
with a titer <10. Titers were transformed to a logarithmic 
scale, and geometric means were used for further calcu- 
lations. Because blood samples were collected 2-6 weeks 
after return of travel, acute influenza virus infections were 
not expected, and therefore virus isolation and PCR were 
not used to detect virus in respiratory tract specimens. Pre- 
travel titers of >40 for >1 influenza viruses were defined 
as protective antibody titers. If the posttravel titer for >1 
influenza viruses was >40 and showed a >4-fold increase 
above pretravel titer, we defined it as a (serologically) con- 
firmed influenza virus infection. Antibodies to influenza B 
viruses can cross-react and overlap to a certain extent with 
the other influenza B virus. 

Fever was registered when participants reported a body 
temperature of >38.0°C or when they recorded fever with- 
out temperature. In addition to fever, other clinical symp- 
toms were scored as influenza-like illness (ILI) when par- 
ticipants recorded fever with a temperature of >38.0°C or 
recorded fever without temperature and a sore throat and/or 
cough according to the WHO definition (30). Participants 
who, in addition to fever, had self-reported “flu” or self- 
reported “cold” also were included in the ILI definition. 

Data Analysis 

Data analysis was performed with SPSS version 
19.0.0.1 (2010; IBM, Somers, NY, USA) and Stata ver- 
sion 11 (StataCorp LP, College Station, TX, USA). ARs 
were calculated by dividing the number of study partici- 
pants displaying seroconversion for >1 influenza viruses 
(indicating infection) by the total number of participants at 
risk. IRs per 100 person-months were calculated by divid- 
ing the number of travelers with confirmed influenza virus 
infections by the total number of travel months in which 
participants were at risk for infection. For travelers with 
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confirmed influenza vims infection, we used half of their 
travel duration; for travelers without confirmed influenza 
vims infection we used their total travel duration. Pearson 
tests of association were used to compare categorical 
variables between any 2 groups. Relative risks of con- 
firmed influenza vims infection were expressed as ratios of 
the IR (IRR). IRRs and 95% Cls were obtained by fitting 
Poisson regression models that predicted the incidence of 
confirmed influenza vims infection according to the vari- 
ables sex, age, country of birth, previous travel, purpose of 
travel, travel destination, and fever or ILl as a variable for 
symptoms. The multivariable model included all variables 
in a backward stepwise regression. Participants with any 
missing values were omitted from the regression models. 
We chose the backward stepwise approach to ensure inclu- 
sion of variables involved in suppressor effects and thus to 
reduce the risk of making a type 11 error. A p value <0.05 
was considered statistically significant. 

Results 

Study Population 

Originally, we recmited 1,273 immunocompetent per- 
sons who intended to travel to (sub)tropical countries. Of 
these, 83 (7%) were excluded: 23 had their travel arrange- 
ments cancelled; 42 were lost to follow-up; and 18 did not 
have enough enough semm collected to perform influen- 
za serology. Of the remaining 1,190 persons, 510 (43%) 
were male (Table 1, Appendix, wwwnc.cdc.gov/ElD/ 
article/19/6/1 1-1864-Tl.htm). Median age was 37 years 
(interquartile range [IQR] 28-51 years). Most (966 [81%]) 
previously had visited (sub)tropical countries. Most (1,103 
[93%]) participants were bom in a Western country; 1,017 
(86%) traveled for holiday; 100 (8%) traveled for work or 
education, and 73 (6%) were VFR. Median travel duration 
was 21 days (IQR 15-28 days). The most frequently visited 
continent was Asia (46%); 27% traveled to Latin America 
and 24% to Africa. 

Median time between first blood sample and travel de- 
parture was 24 days ([IQR 12-37 days); median time be- 
tween return and second blood sample was 23 days (IQR 
19-27 days). Of all participants, 592 (50%) donated the 
first blood sample, and 493 (41%) donated the second blood 
sample during the influenza season in the Netherlands. 

Protective Antibody Titers 

Of the 1,190 travelers, 839 (71%) had protective an- 
tibody titers; 633 (75%) were positive for A(H3N2), 328 
(39%) for A(HINI), 307 (37%) for B/Malaysia, and 370 
(44%) for B/Florida (Table 2). Of the 839 travelers with 
protective antibody titers, 243 (29%) were immune to 2 in- 
fluenza vimses, 140 (17%) for 3 influenza vimses, and 92 
(11%) for 4 influenza vimses. 


Confirmed Influenza Virus Infections 

Eighty-six travelers had a confirmed influenza infec- 
tion caused by >1 vimses (Table 1). The AR was 7% (95% 
Cl 6%-9%). Of these 86 travelers, 72 (84%) were born in 
a Western country; 3 1 (36%) were male, and 75 (87%) had 
traveled previously. Median age was 43 years (IQR 29-55 
years). The travel destination with the highest AR and IR 
was South-central and Western Asia. The IR for serologi- 
cally confirmed influenza vims infection per 100 person- 
months was 8.9 (95% Cl 7.1-10.9). 

Of the 86 participants, 66 (77%) displayed a rise in 
antibody titer against 1 influenza vims; 1 1 (13%) against 2 
vimses; 4 (5%) against 3 vimses, and 5 (6%) against all 4 
vimses, making a total of 120 recent infections. Of all 120 
confirmed influenza vims infections, 44 (37%) were caused 
by A(H3N2); 29 (24%) by A(HINI); 23 (19%) by B/Ma- 
laysia, and 24 (20%) by B/Florida (Table 2). Twenty-two 
(18%) infections occurred in travelers who had protective 
antibodies against the same strain before travel. 

Symptoms 

Of the 1,190 travelers, 117 (10%) had fever with a 
median temperature of 38.6°C (range 38.0°C-41.3°C); ill- 
ness of 40 (3%) met the definition for ILL Influenza vims 
infection was confirmed in 15 (13%) of the 117 travelers 
with fever and in 9 (23%) of the 40 travelers with ILl; 6 
travelers had only fever, but their illness did not meet the 
ILl definition. 

The AR of symptomatic (ILl) confirmed influenza vims 
infection for all travelers was 0.8% (95% Cl 0.4%-1.4%) 
with an IR of 0.9 per 100 person-months (95% Cl 1.2-3. 2). 
In the analysis of travelers with symptomatic confirmed in- 
fluenza vims infection, no determinants were found. For 
none of the 4 vimses did we find an association between 
level of posttravel titer and ILL Only 1 traveler had protec- 
tive antibody titers against all 4 influenza vimses, displayed 
a confirmed A(H3N2) infection, and also displayed ILL 
This 28-year-old woman was known to have asthma and to 
have been hospitalized and treated for symptoms of asthma 
with acetylcysteine, salbutamol, and amoxicillin. 

Of the 9 travelers with symptomatic confirmed in- 
fluenza vims infection, 7 (78%) sought medical attention 
abroad, but aside from the asthmatic woman, no hospital- 
izations were recorded. Of the 15 travelers with confirmed 
influenza vims infection with fever or ILl, in 7 (47%) 
symptoms started within 1 week before returning home or 
shortly after return. 

Independent Risk Factors for Influenza Virus Infection 

Age, country of birth, and ILl were independently as- 
sociated with confirmed influenza vims infection (Table 1). 
IRR was significantly higher for persons 55-64 years of 
age (IRR 2.6 (95% Cl 1. 1-6.1) than for persons <25 years; 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


927 



RESEARCH 

Tabie 2. Increase in titer and symptoms of influenza-iike iiiness in 1 ,190 traveiers from the Netheriands to (sub)tropicai countries, 
October 2006-0ctober 2007 

Strain, subtype, pretravei titer 

No. traveiers, n = 1,190 

Titer >4-foid, no. (%), n = 120* 

infiuenza-iike iiiness, no. {%), n = 1 1 

A 

H3N2 

<40 

557 

32 (6) 

6(19) 

>40t 

633 

12(2) 

1 (8)t 

MINI 

<40 

862 

24 (3) 

1 (4) 

>40t 

328 

5(2) 

0 

B/Maiaysia 

<40 

883 

20 (2) 

2(10) 

>40t 

307 

3(1) 

0 

B/Fiorida 

<40 

820 

22 (3) 

1 (5) 

>40t 

370 

2(1) 

0 

*>4-fold rise between pretravel and posttravel titer and posttravel titer >40 
t>40: protective antibodies. 
tSymptoms probably caused by asthma. 




IRRs were signifieantly higher for travelers born in an Af- 
riean (IRR 3.7 [95% Cl 1.4-5. 5]) or Latin Ameriean (IRR 
3.8 [95% Cl 1.9-7. 8]) eountry than for persons bom in a 
Western eountry (IRR 3.8 [95% Cl 1.9-7. 8]); and IRR was 
signifieantly higher for travelers with ILI (IRR 2.8 [95% 
Cl 1.4-5. 5]) than for travelers without ILI. Travel duration 
was not assoeiated with influenza virus infeetion (Pearson 
p = 0.808). For none of the 4 virases did we find signifi- 
eant assoeiations between eonfirmed influenza virus infee- 
tion and travel destination. 

Discussion 

This prospeetive study with short-term travelers to 
(sub)tropieal eountries supports earlier studies showing 
that influenza is 1 of the most frequently aequired infee- 
tious travel-related diseases (7). The AR for eonfirmed in- 
fluenza vims infeetions was 8%; the IR 8.9 per 100 person- 
months. The AR and IR of symptomatie (ILI) eonfirmed 
influenza vims infeetion for all travelers was 0.8% and 0.9 
per 100 person-months, respeetively. 

The prospeetive study by Mutseh et al. (6) found 
an AR for infeetion with a >4-fold inerease in antibody 
titers of 1.2% and an ineidenee of 1.0 per 100 person- 
months of travel, lower than the overall AR and IR in our 
study. Mutseh et al. found an AR for symptomatie infee- 
tion (defined as fever alone) of 0.9%; in our study, AR 
for eonfirmed influenza vims infeetion with fever was 2% 
(95% Cl 0.7%-2%), whieh is broadly similar to results of 
Mutseh et al. 

However, eomparing these 2 studies is diffieult be- 
eause of different study methods and eireumstanees. First, 
the eharaeteristies of the populations differed. Mutseh et al. 
ineluded travelers >12 years of age who had travel duration 
<6 months for almost 3 total influenza seasons, and this 
eould have affeeted the AR and IR. Further, we serologi- 
eally tested the entire study population, whereas they tested 
a subgroup of travelers with febrile illness and a matehed 


group of travelers without febrile illness, possibly leading 
to an underestimation of influenza infeetions. They also 
defined a group of probable eases by a 2.0- to 3.9-fold in- 
erease in antibody titer. In our study, a >4-fold titer rise 
in antibody was used as serologie evidenee for influenza 
infeetion, whieh is an aeeepted threshold in the field (57). 
Both studies showed that partieipants bom in Afriean and 
Latin Ameriean eountries are more likely to have eontraet- 
ed influenza vims infeetions during travel (p = 0.029 and 
p<0.001, respeetively) than those bom in Western eoun- 
tries. Also, in other studies an assoeiation was found be- 
tween eountry of birth and risk for eertain other infeetions 
(8,32,33). Possibly VFR travelers have a higher risk for 
influenza beeause they tend to have eloser eontaet with the 
loeal population (8,34,35). The GeoSentinel surveillanee 
network (5) showed that VFRs and a trip duration of >30 
days were assoeiated with influenza. In our study and the 
study by Mutseh et al. (6), travel duration was not signifi- 
eantly assoeiated with eonfirmed influenza vims infeetion 
(p = 0.808). Mutseh et al. found the Indian subeontinent 
to be a higher risk area (6). We also found South-eentral 
and Western Asia to have the highest AR and IR of all re- 
gions (11%; 14.4/100 person-months), although these rates 
did not differ signifieantly from other destinations. In our 
study, the IRR was signifieantly higher for persons 55-64 
years of age than for persons <25 years, for whieh we do 
not have an explanation. 

In 3 of the travelers who had eonfirmed influenza vi- 
ms infeetion with fever or ILI, symptoms started within 
1 week before they returned home; they were thus eon- 
sidered to be eontagious during the flight. In 4 travelers 
who had eonfirmed influenza virus infeetion with fever 
or ILI, the symptoms started within 1 week after return. 
These 7 travelers probably imported an influenza vims 
that eould spread in the Netherlands. In the tropies, influ- 
enza viruses eireulate throughout the year (21,22). That 
travel oeeurs year-round suggests that influenza vimses 
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are imported eontinuously and spread to other regions of 
the world. Beeause 7 of 1,190 travelers in our study eould 
have imported influenza virus into the Netherlands, the 
«2 million travelers from the Netherlands who visit (sub) 
tropieal eountries eould theoretieally represent » 12,000 
persons importing influenza viruses annually. Beeause 
asymptomatie travelers also eould be infeetious, the num- 
ber of travelers who import influenza virus is probably 
underestimated. Indeed, evidenee suggests that influenza 
A(H3N2) viruses originate in Southeastern and Eastern 
Asia and are spread eontinuously, causing epidemics 
worldwide {16). 

Only 1 traveler with protective antibody titers to all 4 
influenza viruses had a confirmed subtype H3N2 infection 
and ILL Although we did not register influenza vaccina- 
tion status, protective antibodies in this traveler probably 
resulted from vaccination. This traveler had asthma, and all 
asthma patients are offered free influenza vaccinations by 
their general practitioner annually. The influenza vaccine 
contained the same 4 strains for which we tested. The trav- 
eler was hospitalized during travel with asthma symptoms. 
Symptoms could have been part of the asthma spectrum 
and might not have been caused by the influenza virus in- 
fection. In that case, none of the participants in our study 
with protective antibody titers had a symptomatic influenza 
virus infection (i.e., all symptomatic infections occurred in 
susceptible travelers) (Table 2). Many travelers had pre- 
travel protective antibody titers to >1 influenza viruses, 
which may be explained by a history of infection with in- 
fluenza viruses and not by influenza vaccination because, 
in the Netherlands, influenza vaccination is not routinely 
advised for healthy travelers. 

Our study has several strengths. The prospective na- 
ture of the study enabled an estimation of the AR and IR 
of confirmed influenza virus infection with ILI or fever and 
of asymptomatic confirmed influenza virus infections. The 
daily diary entries, which minimize recall bias, provide a 
good record of symptoms during travel. A high percent- 
age (90%) of study participants with fever used the ther- 
mometer that was offered before travel to measure their 
body temperature. The HI assay is the method of choice 
for seroepidemiologic surveys because it is relatively easy 
to perform and can be used to detect recent infections us- 
ing preconvalescent-phase and convalescent-phase serum 
samples {6,36-38). 

Our study also has some limitations. First, because 
blood samples were taken some time before and after 
travel, participants could have been infected with influ- 
enza virus in the Netherlands. About half of the follow-up 
time was spent during the influenza season in the Neth- 
erlands and not abroad, which might have resulted in an 
overestimation of travel-related influenza. Mutsch et al. 
had the same limitation. In Europe, the 2006-07 influ- 


enza season began in November and peaked in January 
and was reported to be generally mild. In the Nether- 
lands, the 2006-07 influenza epidemic, with a maximum 
clinical influenza activity of 8.2/10,000 inhabitants/ 
week, was among the 3 smallest registered since 1969 
{39), suggesting that the number of influenza virus in- 
fections contracted in the Netherlands might have been 
low. Because the Southern Hemisphere also had mild in- 
fluenza activity during our study period {40), the higher 
incidence of confirmed influenza virus infections in our 
study compared with that of Mutsch et al. is difficult to 
explain, possibly because of differences in the sensitivity 
of the HI assays used. Furthermore, the contribution of 
other infectious diseases to disease symptoms cannot be 
excluded. Although influenza B/Malaysia/2506/04 and B/ 
Florida/4/06 viruses belong to different lineages, antibod- 
ies against these viruses may cross-react to a certain ex- 
tent. Therefore, seropositivity to these viruses should not 
be considered independent events. Because we found 120 
infections in 86 travelers, including 23 B/Malaysia and 24 
B/Florida virus infections, possible cross-reactions could 
have led to overestimation of the number of influenza B 
virus infections. 

Vaccination of all travelers against influenza has been 
discussed (22). In Canada the Committee to Advise on 
Tropical Medicine and Travel recommends influenza vac- 
cination to all healthy travelers. WHO recommends annual 
influenza vaccination only for travelers who have condi- 
tions that place them at high risk for complications of in- 
fluenza. In the Netherlands, as in many other countries, in- 
fluenza vaccination is already recommended for these risk 
groups, irrespective of travel. Because travel is not a risk 
factor for severe disease, we believe that there is no need 
to advise influenza vaccinations to all healthy travelers. In 
case of an influenza pandemic with a new strain, vaccina- 
tion could play a role in the control of outbreak, but not in 
the beginning, because a new vaccine will not readily be 
available (22). 

In conclusion, short-term travelers to (sub)tropical re- 
gions contract influenza regularly, which is probably a ma- 
jor factor in the epidemiology of influenza. Fifty percent of 
travelers with symptomatic influenza could have imported 
the virus into the Netherlands. Because travelers often visit 
(sub)tropical regions, where influenza viruses continuously 
circulate, after contracting the disease they become vectors 
that further spread the virus worldwide. 
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Before introduction of Haemophilus influenzae type b 
(Hib) vaccines, rates of Hib disease in Alaska’s indigenous 
people were among the highest in the world. Vaccination 
reduced rates dramatically; however, invasive H. influen- 
zae type a (Hia) disease has emerged. Cases of invasive 
disease were identified through Alaska statewide surveil- 
lance duringl 983-2011. Of 866 isolates analyzed for sero- 
type, 32 (4%) were Hia. No Hia disease was identified be- 
fore 2002; 32 cases occurred during 2002-2011 (p<0.001). 
Median age of case-patients was 0.7 years; 3 infants died. 
Incidence of Hia infection (2002-2011) among children <5 
years was 5.4/1 00,000; 27 cases occurred in Alaska Native 
children (18/100,000) versus 2 cases in non-Native chil- 
dren (0.5/100,000) (risk ratio = 36, p<0.001). From 12/2009 
to 12/2011, 15 cases of Hia disease occurred in southwest- 
ern Alaska (in children <5 years, rate = 204/1 00,000). Since 
introduction of the Hib conjugate vaccine, Hia infection has 
become a major invasive bacterial disease in Alaska Na- 
tive children. 


T Jaemophilus influenzae is a bacterial pathogen that 
J. J. can cause serious invasive disease. The organism is 
classified by the presence of a capsular polysaccharide (6 
STs, a-f) or its absence (nonencapsulated or nontypeable 
strains). In Alaska, before introduction of H. influenzae 
serotype b (Hib) vaccine, rates of invasive Hib disease 
among Alaska Native people were among the highest in 
the world (7,2). Disease caused by Hib was reduced sig- 
nificantly after the 1991 introduction of the Hib conjugate 

Author affiliations: Centers for Disease Control and Prevention, An- 
chorage, Alaska, USA (M.G. Bruce, T. Zulz, C. DeByle, D. Hurlburt, 
D. Bruden, K. Rudolph, T. Hennessy, J.D. Wenger); Alaska Native 
Medical Center, Anchorage (R. Singleton); and Yukon Kuskokwim 
Health Corporation, Bethel, Alaska (J. Klejka) 
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vaccine, polyribosylribitol phosphate outer membrane pro- 
tein (PRP-OMP) (J); however, this vaccine does not pro- 
vide protection against the other capsular or nontypeable 
strains (4). //. influenzae serotype a (Hia), in particular, has 
been reported as the cause of serious disease in young chil- 
dren (5-7). We previously described invasive Hia disease in 
the North American Arctic (Northern Canada and Alaska) 
from 2000 through 2005 (5) and reported an outbreak of 5 
episodes of invasive Hia disease in 3 children during 2003 
in southwestern Alaska (9). Sporadic cases were reported 
from 2005 through 2009. In this report, we describe an 
outbreak of 15 cases of invasive Hia disease that occurred 
from December 2009 through December 2011 in neighbor- 
ing areas and review the microbiology and epidemiology of 
Hia disease in Alaska from 1983 to 2011. 

Methods 

Statewide surveillance for all invasive H. influenzae 
disease in Alaska has been conducted since 1980 by the 
Centers for Disease Control’s Arctic Investigations Pro- 
gram (AIP) based in Anchorage, Alaska. Clinical labora- 
tories are requested to send H. influenzae isolates recov- 
ered from a normally sterile site (e.g., blood, cerebrospinal 
fluid, pleural fluid, etc.) in a resident of Alaska to AIP for 
confirmation of identity and serotyping. H. influenzae is 
confirmed by using Gram stain and factor X and V require- 
ments (Differentiation Disks; Difco Laboratories, Detroit, 
MI, USA). Serotyping is conducted by using slide agglu- 
tination {H. influenzae types a-f typing antisera; Difco). 
Since 2005, a small number of H. influenzae cases have 
also been identified by PCR on specimens from patients 
whose conditions had been treated with antimicrobial 
drugs before samples were collected and whose samples 
from sterile sites were culture negative. PCR amplifica- 
tion of serotype-specific genes was done by using primers 
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and probes as reported by Maaroufi, et al. (10). Multilo- 
eus sequenee typing (MLST) of 7 housekeeping gene loei 
was done on all invasive Hia isolates aeeording to a pre- 
viously deseribed method (77). The sequenee type (ST) 
assignments were made by using the 77. influenzae MLST 
website (http://haemophilus.mlst.net/). Clonal eomplex- 
es were assigned by using the eBURST algorithm with 
software available at the MLST website (www.mlst.net). 
The lS707d-bexA deletion was amplified from genomie 
DNA by PCR by using sense IS1016 (5'-ATTAGCAAG- 
TATGCTAGTCTAT-3') and antisense bexA (5'-CAAT- 
GATTCGCGTAAATAATGT-3') primers (72). AIP uses 
a standardized form to eolleet demographie and elinieal 
data from medieal reeords for eaeh reported ease. Eaeh 
year, a list of submitted samples is reeoneiled with eulture 
results from eaeh partieipating laboratory, and ease lists 
are eompared with state-reportable disease data. Serotyp- 
ing of invasive 77. influenzae isolates was introdueed grad- 
ually; the praetiee grew from serotyping isolates from 8% 
of eolleeted samples in 1980 to serotyping 80% by 1983. 
Beeause serotyping was intermittent from 1980 to 1982, 
we reviewed data from 1983 to 201 1. 

A ease of invasive 77. influenzae disease was defined 
by isolation of 77. influenzae from a normally sterile site, 
ineluding blood, eerebrospinal fluid, pleural fluid, perito- 
neal fluid, or joint fluid from a resident of Alaska. Cases 
in patients with elinieal epiglottitis (who had 77. influenzae 
isolated from an epiglottis swab sample) were also report- 
able. The elinieal deseription of 77. influenzae infeetion 
was determined by a review of the diseharge diagnoses 
in eaeh ease-patient’s medieal reeord. When ease-patients 
had multiple diseharge diagnoses, the diagnoses related to 
invasive Hia infeetion were ranked aeeording to severity, 
from highest to lowest, in the following order: meningitis, 
epiglottitis, pneumonia, periearditis, osteomyelitis, septie 
arthritis, and septieemia with unknown foeus. 

We defined an outbreak of invasive Hia disease as the 
oeeurrenee of eonfirmed eases of invasive Hia infeetion by 
isolates within the same elonal eomplex among persons 
residing in the same region with ineidenee rates above 
baseline. Population denominator data for Alaska were ob- 
tained from the Alaska Department of Labor and Work- 
foree Development website (www.labor.state.ak.us). Esti- 
mates for ealeulating rates of Hia disease in Alaska refleet 
population figures derived from the 2000 and 2010 eensus 
eounts; rates were ealeulated for the years 2002-2011. Dur- 
ing 2002-2011, Alaska’s population ranged from 640,841 
to 722,190; Alaska Native peoples eomprised 19% of the 
population. Seventy-five pereent of the population resided 
in urban eenters; the remaining population was dispersed 
widely aeross 586,412 square miles. We defined Region A 
as the southwestern region of Alaska, whieh has a popula- 
tion of *25,000 persons. 


Results 

Descriptive Epidemioiogy 

We identified 958 eases of invasive 77. influenzae dis- 
ease during 1983-2011 (data not shown); of these, 858 
isolates were available for serotyping by slide agglutina- 
tion. Eight additional eulture -negative sterile site samples 
obtained from patients with elinieally eompatible illnesses 
who had been treated with antimierobial drugs were identi- 
fied, and isolates were serotyped by using PCR. Among 
samples serotyped, 617 were serotype b and 158 were non- 
typeable isolates. Of the remaining 91 typeable, non-sero- 
type b isolates, 44 (48%) were serotype f, 32 (35%) were 
serotype a, 13 (14%) were serotype e, and 2 (2%) were 
serotype d (Table 1). Hif and Hie isolates were identified 
from 1985 onward; the first Hia isolate was identified in 
2002. During 1983-2001, none of the 30 eneapsulated, 
non-serotype b isolates were Hia; however, from 2002 
through 201 1, 32 (52%) of 62 non-serotype b isolates were 
Hia (p<0.001 vs. 1983-2001) (Figure 1). Five (16%) of 32 
Hia eases were identified by PCR. 

Invasive Hia Cases, 2002-2011 

Among the 32 Hia eases, 28 (88%) oeeurred in ehildren 
<2 years of age, 1 (3%) oeeurred in a ehild 2-4 years, and 3 
(9%) oeeurred in persons >5 years (range 8-48 years). The 
median age of ease-patients was 0.7 years (range 0.3-48 
years). Ethnieity data were available for all eases; 28 (88%) 
oeeurred in Alaska Native persons. Cases oeeurred in 5 ar- 
eas of Alaska; 21 (66%) eases oeeurred in Region A (Fig- 
ure 2). Among all invasive Hia eases, the most eommon 
elinieal syndromes were meningitis (12 [38%]), pneumonia 
with baeteremia (11 [34%]), and septie arthritis (6 [19%]). 
All eases of meningitis oeeurred in ehildren <2 years of 
age; there were no eases of epiglottitis. Twenty-seven 
(84%) ease-patients were hospitalized. Three ease-patients 
<1 year of age died (ease-fatality ratio 9%). Twenty-five 
(78%) ease-patients <5 years of age had been vaeeinated 


14 Serotype 
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Figure 1. Reported cases of non-b encapsulated Haemophilus 
influenza disease, Alaska, 1983-2011. 
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Table 1. Typeable and nontypeable Haemophilus influenzae 
isolates, Alaska 1983-201 1 







Isolate type 



Year 

a 

b 

c 

d 

e 

f 

NT* 

Total 

1983 

0 

71 

0 

0 

0 

0 

4 

75 

1984 

0 

73 

0 

0 

0 

0 

5 

78 

1985 

0 

88 

0 

0 

1 

2 

2 

93 

1986 

0 

82 

0 

0 

0 

0 

3 

85 

1987 

0 

52 

0 

0 

0 

2 

4 

58 

1988 

0 

60 

0 

0 

0 

2 

0 

62 

1989 

0 

44 

0 

0 

0 

0 

1 

45 

1990 

0 

44 

0 

0 

0 

0 

2 

46 

1991t 

0 

22 

0 

0 

0 

0 

3 

25 

1992 

0 

3 

0 

0 

0 

2 

0 

5 

1993 

0 

8 

0 

0 

1 

3 

2 

14 

1994 

0 

2 

0 

0 

1 

0 

11 

14 

1995 

0 

4 

0 

0 

0 

3 

10 

17 

1996 

0 

8 

0 

0 

0 

2 

4 

14 

1997 

0 

9 

0 

0 

0 

1 

6 

16 

1998 

0 

5 

0 

0 

1 

1 

8 

15 

1999 

0 

8 

0 

0 

0 

1 

2 

11 

2000 

0 

9 

0 

0 

1 

2 

3 

15 

2001 

0 

1 

0 

0 

0 

3 

6 

10 

2002 

1 

1 

0 

0 

0 

0 

8 

10 

2003 

6 

2 

0 

1 

0 

1 

8 

18 

2004 

0 

2 

0 

0 

0 

4 

5 

11 

2005 

1 

4 

0 

0 

0 

2 

2 

9 

2006 

2 

3 

0 

1 

1 

4 

7 

18 

2007 

2 

0 

0 

0 

1 

0 

10 

13 

2008 

2 

3 

0 

0 

1 

1 

13 

20 

2009 

2 

4 

0 

0 

4 

2 

8 

20 

2010 

9 

3 

0 

0 

0 

3 

11 

26 

2011 

7 

2 

0 

0 

1 

3 

10 

23 

Total 

32 

617 

0 

2 

13 

44 

158 

866 

*NT, not typeable. 

"[Haemophilus influenza type b conjugate vaccine introduction in Alaska. 


for Hib at appropriate ages. No seasonal pattern among 
Hia cases was observed. Two distinct outbreaks, 1 in 2003 
(5 cases) (9) and the other in 2009-2011 (15 cases), com- 
prised 63% of the 32 invasive Hia cases that occurred from 
2002-2011. Although there were 20 Hif cases during the 
same period, the epidemiology differs from Hia cases; Hif 
cases tend to occur in older persons (median age of case- 
patients: 55 years), in non-Alaska Native persons (70%), 
and a higher proportion of case-patients (45%) have a clini- 
cal syndrome of pneumonia with bacteremia. 

Description of the 2009-2011 Hia Outbreak 

From December 1, 2009, through December 3 1, 201 1, 
15 cases of Hia occurred in Region A, 10 (67%) of which 
were identified either in the largest community (4 cases) 
or in nearby villages (6 cases). Thirteen of the 15 cases 
occurred in Alaska Native children <2 years of age; 1 was 
in an Alaska Native child 8 years of age, and 1 was in a 
non-Native adult, who was 48 years of age. The median 
age of case-patients was 0.8 years (range 0.3-48 years). Of 
the 13 cases in Alaska Native children <5 years of age, 8 
(62%) were in girls. There was 1 death (case-fatality ra- 
tio 8%). Primary clinical conditions included meningitis (n 
= 6), pneumonia with bacteremia (n = 3), septic arthritis 


(n = 2), cellulitis (n = 1), and bacteremia (n = 1). Four case- 
patients had underlying conditions, including a history of 
otitis media, chronic pulmonary disease, premature birth, 
esophageal reflux, abnormal heart murmur, or pulmonary 
valve stenosis, and 1 child experienced a stroke while 
hospitalized. Of these children, 1 was not vaccinated with 
PRP-OMP at the appropriate age. 

Incidence Rates 

The overall rate of invasive Hia disease in Alaska dur- 
ing 2002-2011 was 5.4/100,000 population (95% Cl 3.6- 
7.7) among children <5 years of age; however, the rate in 
Alaska Native children <5 years was 36 times higher than 
in non-Native children (18/100,000 versus 0.5/100,000, 
p< 0.0001). Overall rates of invasive Hib and Hif disease 
in children in Alaska <5 years of age during 2002-2011 
were 2.8/100,000 (95% Cl: 1. 6-4.6) and 0.9/100,000 
(95% Cl: 0.3-2. 2), respectively. Invasive Hia disease oc- 
curred primarily in Region A, where the rate among chil- 
dren <5 years of age was 72.3/100,000 compared with 
1.2/100,000 in children <5 years of age in the rest of the 
state (p<0.0001). During 2010, the year in which the most 
cases occurred during the most recent outbreak, the rate of 
invasive Hia disease in children <5 years of age in Region 
A was 250/100,000 compared to the rate for previous years 
of 45/100,000 (p<0.001 Fisher exact test). 

Subtyping Data 

MLST of the 27 Hia isolates yielded 3 sequence types 
(STs), which are shown by month and year (Table 2; Figure 
2). eBURST analysis showed that these 3 STs fell into a 
single clonal complex: CC23. ST576 was identified 4 times 
during the 26-year surveillance period and is a double locus 
variant of ST23. Of 14 ST23 isolates, 9 (64%) were found 
during 2003-2007. All of the ST56 isolates, which are sin- 
gle locus variants of ST23, were found during 2008-2011. 
Each of these STs first appeared in a port or major city in 
Alaska and was subsequently isolated from samples from 
patients in the western rural regions of the state (Figure 2). 
None of the Hia isolates had evidence of the IS707(5-bexA 
partial deletion. 

Discussion 

The 2009-2011 outbreak investigation of invasive 
Hia disease in Region A, highlighted the emergence of a 
pathogen that was first identified in Alaska in 2002. Three 
MLST STs were identified during the 10-year period of 
2002-2011; the same 3 STs were recently identified in 
British Columbia by Shuel, et al. (75). Although the first 
appearance of each ST occurred in a port or major city 
outside of Region A, outbreaks of disease occurred only 
in Region A, the region that reported the highest rate of 
childhood respiratory hospitalizations in the state and the 
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Figure 2. Geographic distribution of invasive Haemophilus influenzae type a disease in Aiaska, by sequence type (ST). A) ST 576; B) ST 
23; C) ST 56. 


highest rate of Hib disease in the prevaccine era (i). Pat- 
terns of spread of these Hia STs showed a tendency of slow 
expansion within a limited geographic region over a period 
of years. These data suggest several directions for future 
research and prevention activities. 

Extensive evaluation of isolates of invasive Hi disease 
(1983-2011), and a large study ofH. influenzae throat car- 
riage in 1982 {14) revealed no confirmed isolates of Hia 
in Alaska before 2002. Reports of Hia carriage in children 
in Alaska during the early 1980s {14) and invasive Hia 
disease before 2002 (5) were incorrect; subsequent MLST 
evaluation of these isolates and confirmatory re-evaluation 
by serotyping determined that they were either nontype- 
able H. influenzae or encapsulated H. influenzae of other 
serotypes. Suboptimal accuracy of serotyping by slide ag- 
glutination alone for identification of capsular types in gen- 
eral (75) and Hia in particular {16) has recently been well 
characterized and likely explains the original false-positive 
Hia results. 

Hia was not identified in Alaska until 2002 and has 
since increased and caused outbreaks. Although it is possi- 
ble that Hia existed in Alaska before 2002, it is unlikely that 
it was commonly circulating during the 1980s and 1990s. 
The primary focus of the surveillance and carriage studies 
in those decades was Hib, and thus, surveillance may have 
missed an occasional Hia case. Serotyping for non-type b 
encapsulated strains was routinely performed on available 
H. influenzae isolates in Alaska from 1985 onward, and 
multiple isolates of nontypeable H. influenzae. Hid, Hie, 
and Hif were identified over the 32 years covered in this 
report. The subsequent rapid expansion throughout the rest 
of the study period also suggests recent introduction, as op- 
posed to the uncovering of a previously prevalent strain, as 
apparently occurred for Hia disease in the American Indian 
population in the American Southwest after introduction of 
the Hib conjugate vaccine (77). 

The epidemiologic pattern of invasive Hia disease in 
Alaska differs strikingly by geographic region. Single epi- 
sodes of invasive disease caused by each of the 3 Hia STs 
were initially identified outside of Region A; later appeared 


within Region A, where they proliferated and spread. 
Although disease outside of Region A remained rare, with- 
in Region A, invasive Hia disease caused by 2 of the 3 ST 
groups expanded slowly, but persistently, to contiguous 
geographic areas. In the central part of Region A, rates of 
Hia disease during the 2009-2011 outbreak among chil- 
dren <5 years of age approached those of prevaccine inva- 
sive Hib disease in Alaska (250/100,000) (i). 

The disparity in rates of disease by geographic region 
may be partly explained by several factors that are known 
to contribute to the elevated risk for respiratory infection in 
general in Region A. Previous studies have shown associa- 
tions between the rate of respiratory infections and house- 
hold crowding, decreased availability of in-home piped 
water service, indoor smoke, and poverty {18,19). Each 
of these factors could play a role in facilitating transmis- 
sion or invasiveness of Hia disease in human populations. 
These same factors likely play a role in other populations 
for whom high rates of Hia disease are routinely described, 
including residents of the American Southwest (77) and 
northwestern Ontario, Canada (5, 6), although the factors 
contributing to increased rates of disease in Utah are less 
clear (7). Recently, invasive Hia cases have also been iden- 
tified in British Columbia and Manitoba, Canada {13, 20). 
In contrast, Hia is not a major cause of invasive H. influ- 
enzae disease in other areas of Canada, the United States, 
and Europe, where these risk factors are not as prevalent 
and Hif plays a more prominent role {21-23). It should 
also be noted that in the other areas of Alaska, where the 
above-mentioned contributory factors are less prevalent, 
the rate of invasive Hia disease between 2002 and 2011 
(0.08/100,000) was similar to previously noted rates in 
the rest of the United States before vaccine introduction 
(0.04/100,000) {24). 

The clinical syndrome associated with Hia infection 
in Alaska from 2002-2011 was similar to that described 
in Canada, Utah, and the American Southwest {5,7,17,20): 
most cases occurred in children <2 years of age, 84% of 
case-patients were hospitalized, and the case-fatality ratio 
was 9%. Of the 13 Alaska Native children infected during 
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Table 2. Sequence type results for Haemophilus influenzae type 
a strains, by date of onset, Alaska, 2002-201 1 


Year 

Month 

Sequence type 

2002 

Nov 

576 

2003 

Jun 

23 


Jul 

23 


Aug 

23 


Oct 

23 


Nov 

23 


Dec 

23 

2005 

Jul 

23 

2006 

Feb 

23 

2007 

Jul 

23 


Oct 

576 

2008 

Apr 

23 


Oct 

56 

2009 

Jun 

56 


Dec 

23 

2010 

Feb 

56 


Jun 

56 


Jul 

576 


Aug 

56 


Oct 

56 


Dec 

56 

2011 

Jan 

23 


Jan 

56 


May 

23 


Aug 

23 


Sep 

576 


the 2009-2011 outbreak, 6 (46%) had meningitis, 1 (8%) 
child died, and 1 child had serious neurologic complications 
following a stroke the child experienced in the hospital. Al- 
though clinical disease associated with Hia was often se- 
vere, the Hia isolates from this outbreak in Alaska do not 
exhibit the IS707(5-bexA partial deletion, a characteristic 
classically associated with more severe disease (72,25). 

Hia infection in infants causes a serious disease with 
severe sequelae. The severity of disease and increasing 
rates in recent years have increased interest in identifying 
prevention and control options. A promising Hia conjugate 
vaccine, modeled after the Hib conjugate vaccines, has been 
suggested for control of invasive Hia disease (4). However, 
the population at risk for high rates of Hia disease is so small 
that further development of this potentially useful tool has 
not progressed. The presumptive ecologic and transmis- 
sion characteristics of Hia disease, which rely heavily on 
analogies with invasive Hib disease, raise the possibility 
that interrupting person-to-person transmission through che- 
moprophylaxis may be effective. Current clinical practice 
in Region A often includes chemoprophylaxis of close and 
household contacts of Hia case-patients (26). However, to 
this point, there are no reports of secondary invasive disease 
cases (i.e., a case of invasive Hia disease occurring in a close 
or household contact of a case-patient with Hia disease), and 
thus, a key component of the justification for a chemopro- 
phylaxis control strategy is missing: identification of those 
at risk for secondary disease once a sentinel case has oc- 
curred. Finally, several identified risk factors for increased 


respiratory disease are modifiable, and continuing efforts are 
underway to address issues of lack of running water, hous- 
ing ventilation, indoor wood smoke, and other factors, in the 
high risk area, which may lead to reduced rates of Hia dis- 
ease. To better define carriage and transmission patterns and 
further clarify risk factors for invasive Hia disease, AlP is 
currently evaluating risk factors for disease and Hia carriage 
among contacts and noncontacts of case-patients in Alaska. 
These data may contribute to future recommendations for 
prevention and control of Hia disease in this environment. 

The primary limitations of this study are a result of the 
changing laboratory and surveillance methodologies used 
over the past 3 decades. Although statewide surveillance of 
invasive 77. influenzae disease began in 1980, it was primar- 
ily focused on Hib disease, and compliance with the program 
expanded gradually. We caimot, therefore, confirm that all 
invasive 77. influenzae isolates from the early years of sur- 
veillance were sent to AlP, or that there was not preferential 
selection of Hib strains for surveillance. However, by 1983, 
both nontypeable and non-b encapsulated strains were being 
received and identified routinely in the AlP laboratory. These 
isolates were retained, and all Hia strains were subsequently 
evaluated by MLST by AlP laboratory personnel to confirm 
strain identity. Although earlier serotyping results suggested 
the presence of invasive Hia disease in the mid-1990s (and 
Hia in carriage studies from the early 1980s), subsequent mo- 
lecular testing and re-serotyping resulted in reclassification 
of all of these isolates, mostly to nontypeable 77. influenzae. 
This experience illustrates the importance of molecular meth- 
ods in evaluation of epidemiologic patterns, inter-laboratory 
quality control (27), and the importance of close collabora- 
tion between laboratory and epidemiology groups. 

We confirmed the presence of Hia in Alaska in 2002, 
and its subsequent emergence as a cause of invasive bac- 
terial disease in an area in rural Alaska associated with 
high risk for the disease. Its pattern of spread is consis- 
tent with slow, person-to-person transmission, with per- 
sistence in the high-risk area. Continued surveillance is 
needed to monitor for outbreaks and galvanize meaning- 
ful control efforts. Studies currently in progress in Alaska 
and other populations should help shape those efforts by 
providing additional information on risk factors and dis- 
ease transmission. 
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Effect of Winter School Breaks 
on Influenza-like Illness, 
Argentina, 2005-2008 

Roberto C. Garza, Ricardo Basurto-Davila, Ismael R. Ortega-Sanchez, Luis Oreste Carlino, 
Martin I. Meltzer, Rachel Albalak, Karina Balbuena, Pablo Orellano, 

Marc-Alain Widdowson, and Francisco Averhoff 


School closures are used to reduce seasonal and pan- 
demic influenza transmission, yet evidence of their effective- 
ness is sparse. In Argentina, annual winter school breaks 
occur during the influenza season, providing an opportu- 
nity to study this intervention. We used 2005-2008 national 
weekly surveillance data of visits to a health care provider 
for influenza-like illness (ILI) from all provinces. Using Ser- 
fling-specified Poisson regressions and population-based 
census denominators, we developed incidence rate ratios 
(IRRs) for the 3 weeks before, 2 weeks during, and 3 weeks 
after the break. For persons 5-64 years of age, IRRs were 
<1 for at least 1 week after the break. Observed rates re- 
turned to expected by the third week after the break; overall 
decrease among persons of all ages was 14%. The largest 
decrease was among children 5-14 years of age during the 
week after the break (37% lower I RR). Among adults, effects 
were weaker and delayed. Two-week winter school breaks 
significantly decreased visits to a health care provider for ILI 
among school-aged children and nonelderly adults. 


C hildren play a major role in the transmission of in- 
fluenza within schools and households {1-3). These 
findings have garnered interest in use of school closures 
as critical nonpharmaceutical interventions during severe 
influenza epidemics to mitigate the spread of disease in the 
community (4). These closures might be especially useful 
in lower resource countries, where access to antiviral drugs 
and vaccines is relatively limited. 
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Aires, Argentina (L.O. Carlino, K. Balbuena, P. Orellano) 
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Recent studies have suggested that school closures 
might be effective for controlling the spread of influenza 
during a pandemic and reducing the spread of seasonal in- 
fluenza (5-77). Results from modeling studies vary con- 
siderably; estimated case reductions because of school 
closures range from 40% to 90% {8,11). Studies that have 
relied on empirical analysis of disease data have reported 
narrower ranges, from 0 to 42% {6, 7,12-14). For better un- 
derstanding of the effectiveness of this mitigation strategy, 
additional studies that rely on multiple years of disease data 
from other influenza-related school closure experiences 
are needed. 

Argentina, a middle-income country in the Southern 
Hemisphere, has annual winter school breaks in all prov- 
inces. We examined the weekly syndromic surveillance 
data for influenza-like illness (ILl) from Argentina and es- 
timated the effectiveness of these breaks on incidence of 
ILl in the community. 

Methods 

Overview 

For all provinces in Argentina, we used province-spe- 
cific, age-stratified surveillance data on weekly reported 
hospitalizations and outpatient visits attributable to ILI 
during 2005-2008 to construct Poisson regression models. 
We then correlated these data with province-specific school 
calendars for the same periods. We compared the observed 
and expected rates of ILI cases during 3 periods: before, 
during, and after the 2-week winter school break. 

Data 

Each week, each of the country’s 23 provinces and the 
city of Buenos Aires report all visits to a health care pro- 
vider for ILI (hospitalizations and outpatient visits, hereafter 
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referred to as ILI cases) from all Argentina government 
health care providers and facilities, including hospitals and 
clinics, to the Argentina Ministry of Health through its Na- 
tional System for Health Surveillance (Sistema Nacional de 
Vigilancia de la Salud; SNVS). According to the Argen- 
tina Census Bureau, 48.1% of the population has no form 
of health insurance. The SNVS captures health care visits 
made by these persons as well as by those who seek health 
care at government facilities (75). 

Implementation of the SNVS began in 2000 and be- 
came fully functional nationwide in 2005. Weekly surveil- 
lance data are stratified in the following 10 age groups: <1 
y, 1 y, 2-4 y, 5-9 y, 10-14 y, 15-24 y, 25-34 y, 35-44 y, 
45-64 y, and >65 y. The case definition of ILI for SNVS re- 
porting is temperature >100. 4°F with cough or sore throat, 
possibly accompanied by weakness, muscle pain, nausea or 
vomiting, runny nose, conjunctivitis, inflammation of the 
lymph nodes, or diarrhea. 

School calendars for each province, including the 
dates for winter school breaks for public primary and sec- 
ondary schools, were obtained directly from the Argentina 
Ministry of Education. Each province independently deter- 
mines its school calendar at the beginning of the school 
year; thus, the dates of winter school breaks vary across 
provinces and years and might not coincide with seasonal 
influenza peaks. This variation provides a natural experi- 
ment for our evaluation. We used data from Argentina’s 
2001 population census (7(5) for province-level population 
estimates and assumed that populations remained constant 
over the study period. 

Analysis 

To estimate the effect of winter school breaks on 
ILI cases, we fitted a statistical regression model to ILI 
surveillance data for each age group and then measured 
the difference between observed and expected incidence 
of ILI cases. For our statistical model, we used Poisson 
regressions with a Serfling specification, a sinusoidal 
equation that accounts for annual seasonal patterns in 
ILI outcomes (7 7). By incorporating annual seasonality 
of influenza activity into the regression model, we could 
estimate the effect of timing of winter breaks on ILI in- 
cidence while controlling for decreases and increases in 
ILI incidence associated with the annual seasonal pat- 
terns characteristic of influenza. The dependent variable 
was the number of ILI visits for each province, by age 
group and week. The independent variables were time 
trends (linear and quadratic effects), sinusoidal terms 
to account for seasonal patterns of ILI or influenza ac- 
tivity; fixed effects for geographic region, year, weeks 
with winter school breaks; and variables for each of the 
3 weeks that immediately preceded or followed winter 
school breaks (online Technical Appendix, wwwnc.cdc. 


gov/EID/article/19/6/12-0916-Techappl.pdf). We also 
included interaction terms between year and region, year 
and sinusoidal terms, and region and seasonal terms (on- 
line Technical Appendix). Our model allowed for differ- 
ences in the seasonality of ILI visits across regions and 
years, which might result from climate variety in Argen- 
tina, province response to ILI, and the timing and peak of 
influenza circulation in the local community. Model fit 
was evaluated by using pseudo values and comparing 
plots of predicted versus reported ILI cases. 

Effects of winter school breaks on ILI cases were esti- 
mated separately for each of the following age groups: <5 
y, 5-14 y, 15-24 y, 25-44 y, 45-64 y, and >65 y. These 
age groups represent aggregate data from the SNVS that 
better match groups of persons at different school grades 
or different stages of life. We report the results of these 
estimations as ILI incidence rate ratios (IRRs) for the 3 
weeks immediately before, 2 weeks during, and 3 weeks 
immediately after the winter school breaks. IRRs, as used 
in our analysis, estimate whether incidence of ILI-associ- 
ated visits to a physician in a particular week were lower, 
higher, or did not deviate from the expected seasonal ILI 
patterns. That is, statistically significant IRRs <1 or >1 in- 
dicate that ILI cases during a particular week for a spe- 
cific age group were below or above the estimated seasonal 
trend, respectively. Conversely, an IRR that is not statisti- 
cally significant suggests that the number of ILI cases in 
a particular week did not deviate from expected cases of 
ILL We repeated this analysis for each of Argentina’s 6 
regions: Argentine Northwest, Gran Chaco, Mesopotamia, 
Cuyo, Pampas, and Patagonia. 

We also estimated the number of ILI episodes prevent- 
ed by winter school breaks, defining them as the difference 
between observed and expected ILI in a scenario without 
winter school breaks. That is, we assumed that there were 
no winter school breaks and used the results of the regres- 
sion model to predict ILI cases without the reductions in 
ILI visits with the weeks during and immediately after 
school breaks. 

The investigation protocol was reviewed by the Ar- 
gentina Ministry of Health and the Centers for Disease 
Control and Prevention and was given a nonresearch de- 
termination. All analyses were performed by using Stata 
statistical software version 10.1 (StataCorp LP, College 
Station, TX, USA). 

Results 

During 2005-2008, a total of 4,376,181 cases of ILI 
were reported to the SNVS; an average of =20,900 cases 
occurred per week, or an average of 63 cases per 100,000 
population nationwide (based on population estimates 
from the 2001 population census) (7(5). Rates of reported 
ILI varied significantly across provinces over the 4-year 
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Table 1. Incidence of visits to a health care provider for influenza-like illness and timing of first week of winter school break in 
Argentina, by province, 2005-2008 


City or province 

Region 

2001 Argentina 
population, no. (%) 

Average weekly incidence 
(95% Cl)* 

Epidemiologic weeks of winter breakf 
2005 2006 2007 2008 

Buenos Aires City 

Pampas 

2,776,138 (7.7) 

16 (0.63-75.64) 

28-29 

28-29 

30-31 

31-32 

Province 

Buenos Aires 

Pampas 

13,827,203 (38.1) 

43 (3.63-149.38) 

28-29 

29-30 

30-31 

31-32 

Catamarca 

Northwest 

334,568 (0.9) 

113(14.47-299.56) 

28-29 

29-30 

29-30 

29-30 

Cordoba 

Pampas 

3,066,801 (2.7) 

56 (5.83-184.77) 

28-29 

29-30 

28-29 

28-29 

Corrientes 

Mesopotamia 

930,991 (1.1) 

59 (7.81-199.56) 

28-29 

29-30 

28-29 

29-30 

Chaco 

Gran Chaco 

984,446 (8.5) 

143 (36.75-401.55) 

29-30 

29-30 

29-30 

30-31 

Chubut 

Patagonia 

413,237 (2.6) 

100 (22.93-244.67) 

28-29 

29-30 

28-29 

28-29 

Entre Rios 

Mesopotamia 

1,158,147 (3.2) 

113(19.09-341.92) 

28-29 

29-30 

28-29 

29-30 

Formosa 

Gran Chaco 

486,559 (1.3) 

122 (24.31-411.54) 

28-29 

29-30 

28-29 

29-30 

Jujuy 

Northwest 

611,888 (1.7) 

127 (33.03-325.24) 

28-29 

28-29 

29-30 

29-30 

La Pampa 

Pampas 

299,294 (0.8) 

84 (0-263.86) 

28-29 

28-29 

28-29 

29-30 

La Rioja 

Northwest 

289,983 (0.8) 

11 (0-38.81) 

28-29 

29-30 

28-29 

29-30 

Mendoza 

Cuyo 

1,579,651 (4.4) 

57 (0.35-171.09) 

28-29 

29-30 

28-29 

29-30 

Misiones 

Mesopotamia 

965,522 (2.7) 

169 (28.49-604.50) 

29-30 

29-30 

28-29 

29-30 

Neuquen 

Patagonia 

474,155 (1.3) 

78 (9.55-233.61) 

29-30 

29-30 

29-30 

29-30 

Rio Negro 

Patagonia 

552,822 (1.5) 

57 (10.40-149.10) 

30-31 

29-30 

29-30 

29-30 

Salta 

Northwest 

1,079,051 (3.0) 

158 (58.76-333.69) 

28-29 

29-30 

28-29 

29-30 

San Juan 

Cuyo 

620,023 (1.7) 

36 (2.66-107.17) 

28-29 

28-29 

28-29 

29-30 

San Luis 

Cuyo 

367,933 (1.0) 

75 (9.37-217.36) 

28-29 

28-29 

28-29 

29-30 

Santa Cruz 

Patagonia 

196,958 (0.5) 

58 (9.48-138.03) 

29-31 

28-29 

28-29 

29-30 

Santa Fe 

Pampas 

3,000,701 (8.3) 

38 (2.59-141.07) 

28-29 

29-30 

28-29 

29-30 

Santiago del Estero 

Gran Chaco 

804,457 (2.2) 

90 (15.83-278.47) 

29-30 

29-30 

29-30 

29-30 

Tucuman 

Northwest 

1,338,523 (3.7) 

102(11.39-296.37) 

28-29 

29-30 

28-29 

29-30 

Tierra del Fuego 

Patagonia 

101,079 (0.3) 

83 (0-223.01) 

29-30 

29-30 

29-30 

29-30 

All Argentina 

Not applicable 

36,260,130 

63 (11.68-200.37) 


Not applicable 



*Visits/1 00,000 population. 

fFor reference, epidemiologic week 28 is typically in mid-July. 


study period, from 11 cases per 100,000 population in 
La Rioja Province to 169 cases per 100,000 population 
in Misiones Province (Table 1). Reports of ILI cases fol- 
lowed a seasonal pattern; yearly peak activity occurred 
during the winter months of May- August (Figure 1, pan- 
el A). Most provinces did not consistently conduct their 
school breaks during the same week every year, and prov- 
inces that began the school breaks earlier in a particular 
year did not necessarily do so every year (Table 1). 

The regression models for each age group provided a 
good statistical fit to the data; pseudo Revalues ranged from 
0.66 to 0.72. Model goodness-of-fit can also be observed 


when comparing predicted values against observed number 
of ILI cases (Figure I, panel A). 

Except for the age groups <5 and >65 years, lower 
incidence rates for ILI visits (i.e., IRR<I) were estimated 
for all groups for at least 1 of the weeks during or after 
winter school break, but this effect varied by age group in 
strength and timing relative to the start of the break (Table 
2). Statistically significant IRRs for the age group 15-24 
years occurred during the 2 weeks after the winter break. 
Among adults, 25-44 years of age, significant deviations 
from seasonal trends in ILI visits were observed for the sec- 
ond week (IRR = 0.83, p = 0.009) after the winter break. 
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Figure 1 . Observed and predicted cases of Influenza-llke Illness (ILI), by age group, Argentina, 2005-2008. A) Observed and model-fitted 
predictions of Incidence. B) Differences between observed cases and model predictions removing the estimated effect of winter school 
breaks. 
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Table 2. Estimated IRRs of visits to a health care provider for III surrounding winter school breaks, by patient age, Argentina, 
2005-2008* 


Patient Time in relation to winter school break, IRR (95% Cl) Pseudo 


age, y 

3 wk before 

2 wk before 

1 w before 

Wk 1 of break 

Wk 2 of break 

1 wk after 

2 wk after 

3 wk after 

R^ 

0-4 

1.09 

1.09 

1.10 

1.01 

0.95 

0.89 

0.93 

1.03 

0.70 


(0.96-1.24) 

(0.96-1.23) 

(0.97-1.25) 

(0.89-1.15) 

(0.84-1.07) 

(0.79-1.01) 

(0.83-1.05) 

(0.93-1.15) 


5-14 

1.09 

1.10 

1.03 

0.83 

0.69 

0.67 

0.81 

0.96 

0.70 


(0.95-1.26) 

(0.94-1.29) 

(0.90-1.19) 

(0.72-0.95) 

(0.61-0.79) 

(0.59-0.76) 

(0.71-0.92) 

(0.85-1.10) 


15-24 

1.15 

1.10 

1.04 

0.91 

0.88 

0.87 

0.86 

0.95 

0.72 


(0.97-1.35) 

(0.95-1.29) 

(0.90-1.19) 

(0.80-1.04) 

(0.77-1.01) 

(0.77-0.99) 

(0.76-0.97) 

(0.85-1.08) 


25^4 

1.11 

1.07 

1.02 

0.93 

0.90 

0.87 

0.83 

0.93 

0.72 


(0.94-1.32) 

(0.92-1.26) 

(0.87-1.19) 

(0.80-1.08) 

(0.77-1.05) 

(0.75-1.00) 

(0.72-0.95) 

(0.81-1.07) 


45- 64 

1.10 

1.07 

1.03 

0.95 

0.92 

0.91 

0.86 

0.91 

0.72 


(0.94-1.30) 

(0.91-1.26) 

(0.87-1.21) 

(0.82-1.11) 

(0.78-1.08) 

(0.78-1.06) 

(0.74-0.99) 

(0.79-1.05) 


>65 

1.05 

1.14 

1.05 

1.04 

1.09 

1.05 

0.99 

1.06 

0.66 


(0.85-1.31) 

(0.93-1.41) 

(0.87-1.27) 

(0.84-1.28) 

(0.90-1.31) 

(0.87-1.27) 

(0.84-1.17) 

(0.88-1.27) 



*IRRs were used to estimate whether incidence of ILI-associated visits in a particular week were lower, higher, or did not deviate from the expected 
seasonal ILI patterns. Each row represents a separate regression model. Boldface indicates statistically significant changes at the 0.05 confidence level. 
IRR, incidence rate ratio; ILI, influenza-like illness. 


Among all age groups, incidence of ILI visits returned to 
regular seasonal patterns 3 weeks after the end of the winter 
break (Figure 2; Table 2). 

The largest decrease in observed ILI cases was among 
school-aged children (5-14 years of age). For this age 
group, ILI-associated health care visits were 33% (p<0.05) 
lower than expected during the 2 weeks of winter break 
and the 2 weeks after winter break; this decrease included 
a 17% decrease (i.e., 1-IRR, where IRR = 0.83, p = 0.008) 
in the first week of winter school break. The largest devia- 
tion from seasonal trends, 33% (IRR = 0.67, p<0.001), was 
observed during the first week after the school break (Table 
2; Figure 2). This significant decrease in ILI among school- 
aged children 5-14 years of age was also found within each 
of the 6 regions in Argentina (Table 3). 

Assuming no winter school breaks, we estimated that 
during 2005-2008, without school breaks there would have 
been 77,290 more ILI cases, a 14% increase over observed 
cases during that period (Table 3; Figure 1, panel B). More 
than half (38,859 [50.3%]) of the difference in ILI cases oc- 
curred among children 5-14 years of age; the group that ex- 
perienced the second largest difference were young adults, 
25-44 years of age (15,989 [20.7%]). 

Discussion 

Our analysis of weekly rates of ILI cases report- 
ed by health care providers throughout Argentina for 
2005-2008 found that winter school breaks were associ- 
ated with significant decreases in the number of cases in 
school-aged children and in the community at large. The 
effect on ILI followed a stepwise trend; the 5-14 year age 
group experienced the initial decrease in ILI during the 
first week of winter school break, lasting 4 weeks (which 
includes the first 2 weeks back in school). The effect was 
then seen among other age groups, each experiencing a 
smaller decrease in ILL These findings are significant and 
biologically and epidemiologically plausible because the 


effect of school closures on disease transmission could be 
expected to begin with students and subsequently move 
to parents of these students and eventually to older fam- 
ily members. These results are consistent within each of 
Argentina’s 6 regions and across the country as a whole. 

Our findings support those of previous studies, sug- 
gesting that school closure can be an effective mitigation 
strategy for limiting the spread of pandemic influenza 
( 5 - 7 , 9 - 1 1 , 18 ). These findings are comparable to those of 
Cauchemez et ah, who also studied ILI surveillance data 
from outpatient visits in France and found a 16%-21% 
decrease in seasonal influenza cases that were attributed 
to winter breaks in that country ( 6 ). Our results are also 
consistent with a study that found a 42% decrease in di- 
agnoses of respiratory infections and a 28% decrease in 

40 

30 

20 



Figure 2. Estimated deviation from predicted incidence rates for 
influenza-like illness relative to winter break, by week and age 
group, Argentina, 2005-2008. Dashed lines show the 95% Cl for 
the incidence rate ratios of age group 5-14 years because this is 
the age group of interest and because it simplifies the display of 
these results. Statistical significance for the other age groups is 
shown in Table 2. 
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Table 3.: Estimated reduction in number of influenza-like illness cases as a result of winter school breaks in Argentina, Argentina, 
2005-2008* 


Patient 
age, y 



Region, no. cases prevented (% reduction; 95% Cl) 



Argentina 

Pampas 

Noroeste 

Gran Chaco 

Mesopotamia 

Cuyo 

Patagonia 


7,044 

9,875 

908 

1,380 

576 

141 

514 

0^ 

(5; -4 to 15) 

(18; 5 to 32) 

(5; -6 to 16) 

(8; -4 to 19) 

(2; -8 to 13) 

(2; -20 to 24) 

(12; -10 to 33) 


38,916 

19,907 

5,639 

4,776 

4,683 

3,244 

2,293 

5-14 

(33; 19 to 47) 

(39; 19 to 59) 

(28; 12 to 44) 

(33; 15 to 51) 

(24; 9 to 39) 

(48; 19 to 77) 

(44; 19 to 69) 


10,064 

4,388 

3,365 

2,126 

1,395 

1,017 

1,178 

15-24 

(14; 1 to 26) 

(15; 2 to 29) 

(21; 7 to 36) 

(27; 10 to 43) 

(12; -1 to 26) 

(18; -3 to 40) 

(23; 6 to 39) 


16,074 

9,519 

5,715 

3,170 

1,235 

2,239 

1,236 

25-44 

(13; 0 to 26) 

(20; 6 to 34) 

(21; 9 to 33) 

(25; 10 to 40) 

(9; -4 to 21) 

(23; 4 to 42) 

(13; 1 to 26) 


6,583 

3,711 

4,076 

1,424 

518 

419 

335 

45-64 

(10; -3 to 23) 

(13; 1 to 26) 

(28; 15 to 41) 

(22; 5 to 39) 

(6; -7 to 20) 

(8; -11 to 27) 

(7; -6 to 21) 


-1,136 

1,067 

263 

517 

-164 

-136 

54 

>65 

(-4; -19 to 11) 

(9; -5 to 22) 

(5; -10 to 20) 

(18; -1 to 37) 

(-4; -18 to 9) 

(-8; -34 to 18) 

(4; -20 to 27) 

Total 

77,545 (14) 

48,467 (22) 

19,966 (19) 

13,393 (22) 

8,243 (10) 

6,924 (20) 

5,610 (18) 


’Except for the last row, each cell represents a separate regression model. Boldface indicates significant changes at the 0.05 confidence level. No 
confidence intervals are reported in the last row because those cells only represent the sum of other cells in each column. 


visits to physicians during a 2-week period of school clo- 
sure in Israel {14). 

As an ecologic study that uses a time-trend design, 
our study is subject to the limitation that our aggregate 
data cannot be used to make inferences on causality or the 
effect on individual persons {19). Our findings represent 
reductions in ILI-associated visits to a health care provid- 
er, and not laboratory confirmed influenza, although the 
seasonal increase in ILI among older children and adults 
is strongly associated with influenza circulation {20). 
Furthermore, the surveillance data we analyzed were ob- 
tained primarily from public hospitals and clinics, which 
account for »43% of the health clinics in Argentina and 
thus might not be representative of the community (27). 
Data are not fully representative, mainly because only 7% 
of the data reported to the SNVS come from private hospi- 
tals, clinics, and providers (22). Moreover, our data only 
included dates of winter breaks in public schools, which 
account for 77% of all schools in Argentina, because we 
did not have data on winter school breaks from private 
schools, which might follow a different school calendar 
(25). We could assume, however, that bias resulting from 
the incomplete representativeness of the SNVS data and 
from the school calendar data would move our results to- 
ward the null hypothesis. 

Another potential limitation of school-closure studies 
that rely on surveillance data are that observed reductions 
in disease might be caused by changes in health care-seek- 
ing behavior associated with the break and might not repre- 
sent actual disease reductions. Families might be less likely 
to seek care during holidays because of travel or other rea- 
sons. This limitation is particularly relevant because we 
analyzed numbers of ILI cases, not ILI rates, as a percent- 
age of all medical visits, as is commonly done to monitor 
the spread of influenza in the United States {24). However, 
we found that the greatest reductions in ILI were observed 
in the first week after school reopening, suggesting that the 


observed decreases in ILI represent true decreases in ILI 
rather than changes in health care-seeking behavior. 

Despite these limitations, a strength of our study is 
that because the school calendars were set at the beginning 
of each school year, the timing of winter school breaks was 
independent of the timing of ILI activity. Furthermore, 
the dates for winter holidays varied by province and by 
year, thus allowing for greater differences between a given 
province’s winter school break dates and the province’s 
respective epidemiologic curve. This difference provides 
our analysis with another source of variation in the ex- 
planatory, independent of ILI incidence, resulting in more 
robust results. 

Because of the inherent limitations of ecologic studies, 
it would be ideal to perform prospective field studies to ac- 
tually assess the effectiveness of school closures (25). Be- 
fore the emergence of pandemic influenza (HlNl) virus in 
2009, most field studies that looked at school closure were 
in the context of a reactive school closure (i.e., schools 
were closed because of substantial disease or absenteeism 
and/or the study group lacked a comparison group), mak- 
ing it difficult to determine the effectiveness of the school 
closure on disease circulation {7,26). A study in Israel took 
advantage of a teachers strike to study the effect of school 
closure on respiratory diseases and found evidence of an 
effect on incidence {14). A study in Canada found evidence 
of significant effect of school closures and changes in the 
weather on the incidence of transmission of pandemic in- 
fluenza (HlNl) virus (27). Another study in a large metro- 
politan area in the United States took advantage of a natural 
experiment, in which 1 school district closed its schools for 
10 days during the 2009 influenza pandemic, while most 
schools in a neighboring school district did not close. In 
that study, the authors found that school closure was as- 
sociated with fewer self-reported cases of acute respiratory 
illness and fewer visits to the emergency department for 
ILI-associated conditions {28). 
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Although school closures might be useful as a miti- 
gation measure during influenza seasons, many additional 
questions about school closure remain and deserve ahen- 
tion, such as the duration of the closure and the timing with 
respect to the influenza season. Moreover, closure should 
probably be accompanied by instructions to not congregate 
elsewhere. Questions remain about the incidence rate need- 
ed to trigger a closure; the social behavior of children when 
not in school; and the effect of school closure on children, 
their families, and society. For example, a recent study in 
Argentina found that the cost of school closure falls dispro- 
portionately on the poor ( 29 ). 

Although the effect of winter school breaks was found to 
be modest, the reduction in disease transmission associated 
with school closure might slow spread of disease and lessen 
the effect on hospitals and other health care providers, thus 
affording extra time to triage limited resources. These factors 
might be especially crucial when intensive care capacity or 
antiviral availability are limited, such as in the early stages of 
a pandemic. Our findings provide additional data for policy 
makers and public health officials to use when considering 
such measures to control pandemic influenza. 
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Spatiotemporal Dynamics of Dengue 
Epidemics, Southern Vietnam 

Hoang Quoc Cuong, Nguyen Thanh Vu, Bernard Gazelles, Maciej F. Boni, Khoa T.D. Thai, 

Mala A. Rabaa, Luong Chan Quang, Cameron P. Simmons, Tran Ngoc Huu, and Katherine L. Anders 


An improved understanding of heterogeneities in den- 
gue virus transmission might provide insights into biological 
and ecologic drivers and facilitate predictions of the mag- 
nitude, timing, and location of future dengue epidemics. To 
investigate dengue dynamics in urban Ho Chi Minh City and 
neighboring rural provinces in Vietnam, we analyzed a 10- 
year monthly time series of dengue surveillance data from 
southern Vietnam. The per capita incidence of dengue was 
lower in Ho Chi Minh City than in most rural provinces; an- 
nual epidemics occurred 1-3 months later in Ho Chi Minh 
City than elsewhere. The timing and the magnitude of an- 
nual epidemics were significantly more correlated in nearby 
districts than in remote districts, suggesting that local bio- 
logical and ecologic drivers operate at a scale of 50-100 
km. Dengue incidence during the dry season accounted for 
63% of variability in epidemic magnitude. These findings 
can aid the targeting of vector-control interventions and the 
planning for dengue vaccine implementation. 


D engue is a growing international public health prob- 
lem for which a licensed vaccine, therapeutic drugs, 
and effective vector control programs are lacking. The in- 
creasing number of cases is associated with an expanding 
geographic range and increasing intensity of transmission 
in affected areas {1,2). The dynamics of dengue in disease- 
endemic areas are characterized by strong seasonality and 
multiarmual epidemic peaks (5), with substantial interan- 
nual and spatial heterogeneity in the magnitude of sea- 
sonal epidemics {4). Extrinsic factors, including climatic 
and environmental variables, have been hypothesized to 
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drive annual seasonality; intrinsic factors associated with 
human host demographics, population immunity, and the 
virus, drive the multiannual dynamics (5-7). Analyses from 
Southeast Asia have demonstrated multiannual oscillations 
in dengue incidence {8-10), which have been variably as- 
sociated with macroclimatic weather cycles (exemplified 
by the El Nino Southern Oscillation) in different settings 
and with changes in population demographics in Thailand 
(77). In Thailand, a spatiotemporal analysis showed that the 
multiannual cycle emanated from Bangkok out to more dis- 
tant provinces (9). 

Knowledge of spatial and temporal patterns in dengue 
incidence at a subnational level is relevant for 2 main rea- 
sons: it can provide insights into the biological and ecologic 
mechanisms that drive transmission, and it might facilitate 
predictions of the magnitude, timing, and location of fu- 
ture dengue epidemics. For both of these reasons, detailed 
spatial resolution is useful because aggregated datasets can 
obscure some of the factors that influence the timing and 
size of individual local epidemics. 

In southern Vietnam, dengue occurs year-round; a 
marked seasonal peak occurs during the rainy months of 
June-December, and the number of cases has been increas- 
ing over the past 15 years (72). As in many dengue-en- 
demic settings, the dengue surveillance system in Vietnam 
relies on passive reporting of clinically diagnosed dengue 
in hospitalized patients. Vector control is the primary tool 
available for dengue prevention and control. In Vietnam, 
vector control is pursued through a targeted approach of 
low -volume space spraying of households around clusters 
of reported dengue cases. This strategy faces limitations in 
timeliness and sensitivity because of the reliance on and 
response to case reports for hospitalized patients only. A 
predictive epidemiologic tool that enables prioritization of 
limited resources for the most cost-effective reduction in 
cases would be highly valued in dengue-endemic settings. 

To investigate spatial and temporal trends for dengue in 
southern Vietnam, we used a monthly time series of dengue 
surveillance data over 10 years, disaggregated to the district 
level. We analyzed the periodicity of dengue incidence, de- 
termined whether annual epidemics consistently originate in 
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and spread from Ho Chi Minh City (HCMC) or another loca- 
tion, and characterized the differences in the magnitude and 
timing of epidemics among provinces and districts. 

Methods 

Study Area and Data Sources 

Administrative boundaries for the southern region of 
Vietnam in 2001 were used for consistency across the study 
period (2001-2010): this region included 19 provinces, 
subdivided into 159 districts (Figure 1). In 2009, the to- 
tal population of the study area was 32.3 million («38% of 
the national population). Demographic data were obtained 
from the Government Statistics Office (75). 

As part of the national dengue control program in Viet- 
nam, dengue case notifications in southern Vietnam are ag- 
gregated by provincial authorities and reported monthly to 
the Pasteur Institute, Ho Chi Minh City (PI-HCMC). Only 
hospitalized dengue patients are reported, and the case 
definition is a clinical diagnosis of dengue at hospital dis- 
charge. A conservative estimate of the specificity of a clini- 
cal dengue case diagnosis in Vietnam is »50%, based on 
IgM in 1 serum sample collected from a small proportion 
(<10%) of patients (PI-HCMC, unpub. data). Most cases 
are not laboratory confirmed. 

The time series used in this analysis included all 
dengue cases reported from January 1, 2001, through 
December 31, 2010, from the 19 provinces of southern 
Vietnam; cases were aggregated by month of hospital 


admission and district of residence. No identifying per- 
sonal information was included in the data. The study was 
approved by the institutional review board of PI-HCMC. 

Determining Dengue Periodicity 

To explore the periodicity in the dengue incidence 
time series, we performed continuous wavelet transform, 
which decomposes the time series into time and frequency 
components. Calculation of the wavelet power spectrum 
quantifies the distribution of the variance of the time series 
in the time-frequency domain (14,15). The Morlet wavelet 
was used, and all analyses were performed with MATLAB 
software version 6.5 (MathWorks Inc., Natick, MA, USA). 
All time series were square -root transformed and normal- 
ized, and the trend was suppressed before analysis by re- 
moving periodic components >6 years with a classical low- 
pass filter (16). Significance levels were computed with an 
appropriate bootstrapping scheme that used the Markov 
process and preserved the short-term temporal correlation 
of the raw series, the HMM Surrogate (77); 1,000 HMM 
Surrogate series were used. Significance was set at p<0.05. 

Quantifying Synchrony 

To explore the temporal relationship between dengue 
time series across the 19 provinces and 159 districts, we 
subjected each time series to wavelet decomposition as de- 
scribed above. Using the imaginary and the real parts of the 
wavelet transform in the annual mode (0.8-1. 2 years), we 
computed the phase angles and phase difference between 

Figure 1. Vietnam and the 
southern 19 provinces inciuded 
in this anaiysis. The map 
shows current administrative 
boundaries; for our anaiysis, we 
aggregated 2 provinces (Can 
Tho and Hau Giang) to reflect 
the administrative boundaries 
before 2004. A, Lam Dong; B, 
Binh Phuoc; C, Dong Nai; D, 
Binh Duong; E, Tay Ninh; F, Ho 
Chi Minh City; G, Ba Ria - Vung 
Tau; H, Long An; I, Dong Thap; 
J, Tien Giang; K, Ben Tre; L, 
Tra Vinh; M, Vinh Long; N, Soc 
Trang; O, Can Tho; P, An Giang; 
Q, Kien Giang; R, Bac Lieu; S, 
Ca Mau. 
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2 time series ( 18 ). The wavelet decomposition was also 
used as a band-pass filter for filtering the raw time series in 
the annual mode to obtain the seasonal oscillations, which 
were used together with the phase differences for comput- 
ing the pairwise delay (in days) between district and prov- 
ince dengue time series ( 8 , equation 8). 

We used Spearman and Pearson correlation tests to as- 
sess whether larger dengue epidemics were more synchro- 
nous, as defined by the variance in pairwise interprovince 
or interdistrict delays as described above. Additionally, pair- 
wise correlations between district-level and province-level 
dengue time series were made in 3 transformed datasets: 
square root-transformed monthly incidence normalized to a 
mean of 0 and SD of 1 (a correlation in magnitude and tim- 
ing of dengue epidemics), square root-transformed and nor- 
malized annual incidence (a correlation in magnitude only), 
and phase angles (a correlation in timing only). The relation- 
ship between these correlation coefficients and the interven- 
ing distance between provinces or districts was assessed by 
using the nonparametric spline covariance function from the 
NCF (spatial nonparametric covariance function) package 
in R (79) (R 2.14.2, R Foundation for Statistical Comput- 
ing, Vienna, Austria) with 1,000 bootstraps to generate 95% 
confidence bands. We calculated pairwise distances between 
districts and provinces by using geographic coordinates of 
district and province centroids in R. To test the hypothesis 
that similarity in the timing and/or magnitude of dengue 
epidemics increases with spatial proximity, we performed a 
Mantel test of the correlation between each matrix of coeffi- 
cients above and the intervening distance between provinces 
and districts (in km), by using the NCF package in R (79). 

Predicting Seasonai Epidemic Magnitude 

To determine whether the magnitude of a seasonal 
dengue epidemic could be predicted by the dengue activ- 
ity in the previous interepidemic period, we used a linear 
model of log-transformed dengue incidence during the 
epidemic period (April-December) in each district or prov- 
ince as a function of the incidence during the preceding dry 
period (January-March) in the same district or province. 
These definitions of epidemic and dry periods were decided 
a priori and were based on scrutiny of the seasonal pattern 
of dengue across the study period; in FICMC, these peri- 
ods were shifted (a priori) 1 month later (May-January and 
February-April, respectively) to account for the fact that 
the trough in dengue incidence occurred markedly later in 
FICMC than in other provinces. 

Results 

Temporal Trends 

During 2001-2010, a total of 592,938 dengue cases 
were reported from the southern 19 provinces of Vietnam; 


median was 66,608 cases annually (range 22,519-88,311 
cases). This finding corresponds to the median annual in- 
cidence of 232 cases per 100,000 population (annual range 
78-288 cases/100,000 population). Most cases (mean 82%, 
annual range 74%-92%) were reported during the rainy 
season, June-December (Figure 2, panel A). Differences 




c 



Figure 2. Dengue time series from the 19 provinces and 159 districts 
in southern Vietnam, 2001-2010. A) Monthiy aggregate time series 
of dengue cases reported from provinces. B) Monthiy dengue 
incidence in each province; boldface line indicates Ho Chi Minh 
City. C) Monthly dengue incidence in each district. Data have been 
square-root transformed and normalized to zero mean and unit 
variance. Districts are ordered from north (top) to south (bottom) by 
first ordering provinces north to south, then ordering districts within 
each province, according to latitude of district centroid. 
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in temporal trends between the provinces are apparent in 
Figure 2, panel B, which shows that in terms of per capita 
incidence, substantially higher epidemic peaks are reached 
in provinces outside FICMC than within HCMC. The an- 
nual peak also appears consistently later in HCMC than in 
other provinces. The time series for individual provinces 
are shown in the online Technical Appendix Figure 1 (ww- 
wnc.cdc.gov/EID/article/1 9/12- 1 323-T echapp 1 .pdf). 

A visual comparison of time series between the 159 
districts (Figure 2, panel C) suggests overall seasonal syn- 
chrony across southern Vietnam but with geographic dif- 
ferences in the timing and magnitude of high-incidence 
periods at the district level. We explored whether the high 
dengue incidence outside HCMC represented urban trans- 
mission in provincial cities and towns, but we found no 
parametric or nonparametric correlation between district- 
level cumulative 10-year dengue incidence and either the 
proportion of the district population that was rural/urban 
(p>0.6) or the district population density (p>0. 1). 


(Figure 3, panel A). To investigate spatial differences in 
dengue periodicity, we performed wavelet analyses for in- 
dividual province time series (online Technical Appendix 
Figure 2). An annual cycle was apparent in all provinces 
but with substantial heterogeneity in the relative strength 
of the multiannual component. In 3 provinces, a 2-3 year 
multiannual cycle was either dominant (Bac Lieu and Ca 
Man, Figure 3, panels C and D), or of similar intensity as 
the annual signal (Binh Duong, Figure 3, panel B). In sev- 
eral other provinces, a transient subdominant multiannual 
cycle was observed, but these cycles are difficult to inter- 
pret epidemiologically. 

Origins and Spread of Annuai Dengue Epidemics 

Despite the pronounced seasonality of dengue, we 
observed substantial heterogeneity in the timing of annual 
epidemics across the study region and period. The average 
interval between the province experiencing the earliest and 
latest dengue epidemic within a given year was 14.2 weeks 


Dengue Periodicity 

Wavelet analysis of the aggregate time series showed 
a strong annual periodicity but no multiannual cycle 





Figure 3. Wavelet analysis of dengue periodicity, 2001-2010. 
A) Left panel: wavelet power spectrum (WPS) of the aggregate 
monthly dengue time series for southern Vietnam (square-root 
transformed, normalized, and trend suppressed). Colors code for 
increasing spectrum intensity, from blue to red; dotted lines show 
statistically significant area (threshold of 95% Cl); the black curve 
delimits the cone of influence (region not influenced by edge 
effects). Right panel; Mean spectrum (solid line) with its threshold 
value of 95% Cl (dotted line) for the aggregate time series. B) WPS 
and mean spectrum for Binh Duong Province. C) WPS and mean 
spectrum for Bac Lieu Province. D) WPS and mean spectrum for 
Ca Mau Province. The wavelet power spectra for Binh Duong, Bac 
Lieu, and Ca Mau Provinces are shown because they were the only 
3 provinces in which a dominant multiannual cycle was detected. 
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Figure 4. Correlation across provinces (A) or districts (B) between 
annual dengue incidence and variation in epidemic timing. Epidemic 
timing represents the pairwise interprovince or interdistrict delay 
between wavelet transformed annual dengue time series. The 
variation in epidemic timing is significantly correlated with the overall 
magnitude of transmission in that year; there is less variation (i.e., 
more synchrony) in the timing of dengue epidemics across southern 
Vietnam in high-incidence years than in low-incidence years 
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Figure 5. Spatiotemporal patterns in annuai dengue epidemics in southern Vietnam. The phase intervai (days) between the dengue time 
series in each province (A) reiative to Ho Chi Minh City (HCMC) and each district (B) reiative to District 1 in HCMC is shown by year. 
The iargest negative vaiues (dark purpie) indicate the eariiest iocations for the annuai dengue epidemics, zero (gray hatched) represents 
synchrony with the HCMC time series, and positive vaiues (green) indicate dengue epidemics that occurred iater than in HCMC. 


(annual range 8.9-20.0 weeks). The interprovince and in- 
terdistrict lag in the onset of seasonal dengue epidemics 
was significantly negatively correlated with the overall 
magnitude of the epidemic (Figure 4); in other words, den- 
gue epidemics are significantly more synchronous through- 
out the region in years with higher overall incidence than in 
years with lower incidence. 

To explore further the observation that annual den- 
gue epidemics occur later in FICMC than elsewhere, we 
plotted the phase interval (in days) between the dengue 
time series in each province relative to FICMC, aver- 
aged across the 10-year period (not shown) and in each 
individual year (Figure 5, panel A). A multifocal origin 
of seasonal dengue epidemics in southern Vietnam was 
revealed, in which the epidemic cycle in each of the 18 
provinces preceded FICMC by a median of 55 days (range 
26-90 days) averaged over the 10-year period. The den- 
gue epidemic occurred later in FICMC than in all other 
provinces in all but 2 years (2001 and 2010), and in these 
2 years, in only 1 province did the dengue epidemic occur 
later than in FICMC. Figure 5, panel B, shows the equiva- 
lent analysis for district-level time series. These analyses 
indicated that in some locations (Binh Phuoc to the north 


of FICMC, Lam Dong to the northwest, Soc Trang in the 
far south, and Kien Giang in the southwest), despite their 
considerable distance from one another, dengue epidem- 
ics were consistently among the earliest each year (Figure 
1). Flowever, the earliest epidemics often occur in mul- 
tiple simultaneous locations, and there is no clear spatial 
pattern for the movement of the dengue epidemic within 
a given season. Signals of early epidemics in Lam Dong 
should be treated with caution because the case numbers 
for the dry and the rainy seasons were small. 

Synchrony in Dengue Dynamics 

Overall, dengue epidemics across southern Vietnam 
were more highly correlated in timing than in incidence 
(Figure 6, horizontal lines), consistent with the pronounced 
seasonality of dengue virus (DENY) transmission despite 
heterogeneities in epidemic magnitude. Coherence in the 
size of annual dengue epidemics was spatially dependent 
(p<0.001 for provinces and districts; Mantel test). Districts 
within 100 km of each other were significantly more likely 
to have concurrent high-incidence and low-incidence years 
(Figure 6, panel A), and the degree of correlation increased 
with increasing proximity. This spatial dependence was 
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Figure 6. Spatial coherence in the 
magnitude (A and B) and timing 
(C and D) of dengue epidemics 
in southern Vietnam. District 
data are shown in panels A and 
C, and province data in panels B 
and D. Solid lines represent the 
correlation between provinces/ 
districts as a function of the 
distance between the centroids 
of those provinces/districts, in 
kilometers. Dashed lines represent 
95% CIs, and the horizontal 
line is the overall correlation 
across southern Vietnam. 
Coherence in the magnitude 
and timing of epidemics was 
measured by painwise correlation 
between provinces/districts in 
their standardized square root- 
transformed annual incidence and 
monthly phase series, respectively. 


observed also for provinee-level data (Figure 6, panel B) 
out to 122 km. The timing of dengue epidemie eyeles was 
less spatially dependent. Nearby distriets expert eneed more 
synehronous epidemies (p = 0.005), signifieant out to 52 
km (Figure 6, panel C); however, this spatial dependenee 
was not seen at the provinee level (Figure 6, panel D; p = 
0.38). Spatially dependent synehrony out to 101 km was 
also observed when eorrelating the raw monthly time se- 
ries, whieh takes the timing and the magnitude of dengue 
epidemies into aeeount (online Teehnieal Appendix Figure 
3). Overall, this analysis demonstrates spatial elustering of 
dengue aetivity at a seale of up to *50-100 km. 

Dry Season Dengue as Predictor of 
Subsequent Epidemic Magnitude 

We found a signifieant positive assoeiation between 
dengue ineidenee during the dry season and the magnitude 
of the subsequent dengue epidemie in a given provinee or 
distriet. Using provinee-level data, we found that an in- 
erease of 1 SD above the mean dengue ineidenee during 
the dry season was assoeiated with an inerease of 0.79 SDs 
(95% Cl 0.70-0.88; p<0.0001) above the mean epidemie 
magnitude during the subsequent rainy season (Figure 7, 
panel A). Dry season ineidenee aeeounted for 63% of the 
variation in epidemie magnitude among provinees and 
years. Stratified by provinee, this assoeiation held for 12 of 
the 19 provinees (data not shown); this finding might refleet 
a laek of power to deteet sueh an assoeiation with 10 data 
points. Stratified by year, the assoeiation was signifieant 
(p<0.001) for every year during 2001-2010. Using data 


for 159 distriets, we found that the assoeiation between dry 
season and wet season ineidenee was also highly signifi- 
eant (p<0.001) overall (Figure 7, panel B) and stratified by 
provinee or year (not shown), although the proportion of 
the total variation in epidemie magnitude aeeounted for by 
dry season ineidenee was lower (45%). 

Discussion 

In southern Vietnam, dengue exhibits pronouneed sea- 
sonal peaks that eoineide with the rainy season and eauses 
tens of thousands of hospitalizations every year. Within 
this overall high-transmission setting, substantial spatial 
and temporal heterogeneity is apparent from our monthly 
distriet-level time series analysis. Several eharaeteristies of 
the epidemie eyele in this setting eould help inform publie 
health efforts to prevent and eontrol dengue. 

All provinees in southern Vietnam exhibit annual sea- 
sonality; however, 2 provinees in the far south (Bae Lieu 
and Ca Mau) and 1 north of HCMC (Binh Duong) also 
show evidenee of multiannual eyeles. These patterns sug- 
gest possible differenees in the intrinsie and extrinsie driv- 
ers of DENV transmission in these provinees; however, 
interpretation of these findings must take into aeeount the 
limitations of wavelet analysis, espeeially within a 10-year 
time series, in whieh it is diffieult to obtain strong statisti- 
eal support for long multiannual eyeles. Further eonsider- 
ations in the interpretation of our findings relate to the limi- 
tations of dengue surveillanee data as a proxy for DENV 
transmission. A variable majority of DENV infeetions are 
asymptomatie ( 20 ), and it is possible that the observed dis- 
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ease dynamics are an imperfect reflection of the underlying 
DENY transmission dynamics. Furthermore, case surveil- 
lance data for dengue, as for many diseases, have sensitiv- 
ity and specificity limitations, because of underreporting 
and a lack of laboratory confirmation, respectively. 

Dengue is typically thought of as an urban disease 
(1,21-23). HCMC is the major urban center in southern 
Vietnam, but the per capita incidence reached there during 
seasonal dengue peaks is substantially lower than in most 
of the other less urban provinces. This finding supports 
evidence from Cambodia (24), Thailand (25), and Vietnam 
(26) that dengue presents a health challenge in periurban 
and rural settings as well as in urban centers. Furthermore, 
dengue epidemics occur «2-3 months later in HCMC than 
in the surrounding rural provinces, indicating that HCMC 
cannot act as a source population initiating aimual epidem- 
ics in other provinces. In fact, the presence of multiple loca- 
tions with early dengue epidemics indicates that there may 
not be a consistent year-to-year spatial pattern of DENY 
transmission and no consistent geographic source from 
which dengue epidemics emanate. These findings lead 
directly to new research questions for dengue in southern 
Vietnam, to explore what factors influence the timing and 
size of the annual epidemic wave in each province. 

Although the dynamics we describe give the appear- 
ance of dengue traveling from several early foci to HCMC 
each season, we think this is unlikely for 3 reasons. First, 
dengue cases occur throughout the dry season in HCMC 
as well as in other provinces; hence, re-introduction of 
DENY is not required to initiate the seasonal increase 
in cases. Second, we found no correlation between the 
timing of dengue epidemics in each province or district 
and their geographic distance from HCMC (analysis not 
shown); such a correlation would have suggested a travel- 
ing wave of infection toward HCMC (9,10). Third, phy- 
logenetic analyses of DENV-1 (27) and DENV-2 (28) 
from southern Vietnam suggest that these viruses disperse 
from HCMC out to other provinces. Our findings are not 
necessarily inconsistent with these phylogenetic studies; 
the former relate to spatiotemporal dynamics in case in- 
cidence within 1 dengue season, and the latter describe 
processes of viral dispersion over several years. Together, 
these studies suggest that despite a lower per capita inci- 
dence, the larger absolute virus population in HCMC ex- 
erts an influence on the relatively small virus populations 
in rural provinces but that other conditions determine the 
timing and magnitude of the increased transmission dur- 
ing annual dengue epidemics. 

Several factors could explain the observed spatial dy- 
namics besides the geographic movement of DENY. First, 
vector development, survival, and biting behavior and viral 
replication within the vector are all highly sensitive to cli- 
matic conditions including rainfall, temperature, and relative 


humidity (29,30), and it is possible that geographic differ- 
ences in microclimate might contribute to differences in the 
timing of dengue epidemics across southern Vietnam. Sec- 
ond, the ratio of vectors to human hosts, rather than density 
of vectors or hosts alone, has been shown to be a key param- 
eter in classical models of vector-home disease transmission 
(31,32) and in epidemiologic studies (26). Understanding 
how this ratio differs between HCMC and lower popula- 
tion-density areas might help explain the lower per capita 


SD from mean 
epidemic magnitude 



SO from mean 
epidemic magnitude 



Figure 7. Dry season dengue incidence as a predictor of the 
magnitude of the subsequent dengue epidemic. Riots show the 
association between annuai epidemic incidence (Aprii-December) 
and the preceding dry season dengue incidence (January-March). 
For Ho Chi Minh City (HCMC), these definitions were a priori shifted 
1 month iater (May-January and February-Aprii, respectiveiy) 
because of the consistency iater occurrence of the dengue 
epidemic season in HCMC. Each point represents 1 province (A) or 
district (B) and year, correiating the standard deviation from mean 
incidence in the rainy season against the standard deviation from 
mean incidence in the preceding dry season, in the same province 
or district. The soiid iine shows fitted vaiues from a iinear modei 
of epidemic incidence against dry season incidence. We exciuded 
71 data points from the district anaiysis (B) because there were no 
dengue cases during the dry season. 


Emerging infectious Diseases • www.cdc.gov/eid • Voi. 19, No. 6, June 2013 


951 



RESEARCH 


incidence in HCMC. Third, the later and lower-incidence 
seasonal epidemics in HCMC are consistent with the higher 
median age of the population in HCMC (7i); an older, and 
thus more immune, population reduces the probability of a 
vector feeding on a susceptible or infectious person, both of 
which are necessary to drive transmission. 

We demonstrate that the timing and the magnitude of 
annual dengue epidemics in southern Vietnam are signifi- 
cantly more similar in districts in closer proximity, and this 
association remains significant out to 50-100 km. This find- 
ing suggests a role for local drivers of DENY transmission 
operating at this spatial scale, possibly including microcli- 
matic and environmental determinants of vector abundance 
and vector-host contact, population immunity, or human 
movement patterns at the scale of a district or town. Several 
studies have demonstrated focal transmission of DENY at 
a fine spatial scale from 100 m to 1 km, attributable to di- 
rect chains of transmission, vector flight distances, human 
movement, and serotype-specific immune profiles (33-35). 
We extended this finding by demonstrating spatial depen- 
dence of dengue incidence at an intermediate scale of <100 
km, with a weakening association as proximity decreases. 
This association is comparable with the spatial extent of syn- 
chrony (180 km) demonstrated among province-level dengue 
time series in Thailand (9). This finding highlights the need to 
analyze disease surveillance data at as fine a spatial scale as 
possible because the spatial dependence of dengue epidemic 
timing was not apparent in our province-level analysis. 

In Vietnam, the public health authority classifies den- 
gue incidence within any administrative boundary as epi- 
demic when cases exceed 2 SDs above the mean incidence 
in that month and location over the past 5 years (exclud- 
ing any previous epidemic months). This definition allows 
little to no lead time for intervention, and the ability to 
predict further in advance where epidemic thresholds are 
likely to be crossed could improve the timeliness and pos- 
sibly the effectiveness of control interventions. Our simple 
result showing that dengue incidence during the dry in- 
terepidemic period accounts for 63% of variability in rainy 
season dengue epidemic magnitude might help local public 
health authorities take advantage of dengue’s predictable 
cyclical behavior for informing public health action. This 
method relies on using data that are available 3-6 months 
before the peak of DENY transmission, and this extra lead 
time might be an invaluable resource for targeted dengue 
intervention planning in years when a season with a large 
number of dengue cases is expected. Evaluating the per- 
formance of this model in real time for forecasting dengue 
epidemic magnitude is the next challenge in determining its 
public health utility. 

Dengue prevention and control activities in many dis- 
ease-endemic settings, including Vietnam, currently rely on 
targeted spraying of adulticides to reduce vector populations 


in and around the homes of reported patients. These activi- 
ties are usually complemented with public health outreach 
and some routine activities to reduce vector breeding sites, 
within the constraints of limited public health budgets. Fu- 
ture intervention strategies will also incorporate rollout of 
a dengue vaccine (36,37) or modified mosquitoes (38). Un- 
derstanding the spatial dynamics and timing of dengue epi- 
demics might enhance the implementation of current and 
future interventions by improved targeting to avert high- 
incidence dengue seasons based on dry-season signals and 
to dampen dengue incidence in neighboring areas. 
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Active Surveillance for Influenza 
A Virus among Swine, Midwestern 
United States, 2009-201 1 

Cesar A. Corzo, Marie Culhane, Kevin Juleen, Evelyn Stigger-Rosser, Mariette F. Ducatez, 

Richard J. Webby, and James F. Lowe 


Veterinary diagnostic laboratories identify and char- 
acterize influenza A viruses primarily through passive sur- 
veillance. However, additional surveillance programs are 
needed. To meet this need, an active surveillance program 
was conducted at pig farms throughout the midwestern 
United States. From June 2009 through December 2011, 
nasal swab samples were collected monthly from among 
540 groups of growing pigs and tested for influenza A vi- 
rus by real-time reverse transcription PCR. Of 16,170 
samples, 746 were positive for influenza A virus; of these, 
18.0% were subtype H1N1, 16.0% H1N2, 7.6% H3N2, and 
14.5% (H1N1)pdm09. An influenza (H3N2) and (H1N1) 
pdm09 virus were identified simultaneously in 8 groups. 
This active influenza A virus surveillance program provided 
quality data and increased the understanding of the cur- 
rent situation of circulating viruses in the midwestern US 
pig population. 

I nfluenza A vims has become a major pathogen, caus- 
ing epidemics of respiratory disease in humans, which 
not only result in increased deaths but also raise public 
health organization alarms regarding the need for further 
understanding and control of this vims (7). Additionally, 
the ability of the vims to cross species barriers has raised 
more concern over the probability of reassortment and 
generation of highly transmissible vimses that might pose 
a threat to humans (2). Despite evidence of reassortment 
in other species, swine have been most often labeled as 
the “mixing vessel” because avian- and mammalian-type 
receptors for influenza A vims have been found in pig 
tracheas, making swine a potential source of new vimses 

Author affiliations: University of Minnesota, Saint Paul, Minnesota, 
USA (C.A. Corzo, M. Culhane, K. Juleen); St. Jude Children’s Re- 
search Hospital, Memphis, Tennessee, USA (E. Stigger-Rosser, 
M.F. Ducatez, R.J. Webby); and Carthage Veterinary Services, 
Carthage, Illinois, USA(J.F. Lowe) 
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through reassortment {3,4). Because these vimses can in- 
fect humans, influenza A vims in swine should be moni- 
tored for public health reasons (5). 

In the United States, influenza A vims has been pres- 
ent in swine for almost a century (6). Within the US pig 
population, 3 major subtypes of influenza A vims (HlNl, 
H1N2, H3N2) circulate, causing widespread respiratory 
disease characterized by dry coughing, sneezing, fever, 
anorexia, rhinorrhea, and lethargy (7). Swine influenza vi- 
mses have been monitored through seroprevalence studies. 
Such studies from the 1970s through the 1990s revealed 
that influenza vims subtypes HlNl and H3N2 circulated in 
the US pig population {8-11). 

At the turn of the 21st century, 2 new vimses were 
detected in the swine population. These vimses were the re- 
sult of either double or triple reassortment between human, 
avian, and swine vimses {11-13). Since 1998, circulating 
influenza vimses in pigs have been able to change because 
of mutations and the propensity for influenza A vims of 
swine with the triple reassortant genotype to frequently re- 
assort and generate new genotypes, therefore increasing the 
diversity of influenza A vims in swine {14). Virologic and 
seroprevalence studies have provided valuable information 
about influenza A vims in swine, but the epidemiology of 
influenza A vims in swine is not fully understood. 

Newly emerged pathogens can be detected through 
passive or active surveillance. Passive surveillance is driv- 
en by laboratory submission of samples after outbreaks of 
respiratory disease, whereas active surveillance is based on 
purposely collecting and screening field samples regardless 
of clinical status. In Asia, active surveillance for influenza 
conducted through collection of nasal swabs at slaughter 
plants has reportedly detected uncommon influenza vi- 
mses (i.e., subtypes H3N1, H7N2, H9N2) in the local pig 
population {15-17). In the United States, similar studies, 
following the same sample collection method, during the 
early and late 1990s have been reported {10,18). However, 
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a surveillance program that will identify and report newly 
emerged viruses in a timely manner is still needed {14). 

Overall, studies have elucidated epidemiologic fea- 
tures of the virus in swine, such as the constant circulation 
of influenza A virus in the swine population and sporadic 
infections with rare subtypes. However, absence of a pro- 
active approach leaves a gap that needs to be filled {19). 
Therefore, the objectives of this study were to 1) conduct 
an active surveillance program to better characterize the 
presence of influenza viruses in the swine population and 
2) make live viruses available for genetic characteriza- 
tion, potential vaccine, and diagnostic use. Procedures 
and protocols used in this study were approved by the 
University of Minnesota Institutional Animal Care and 
Use Committee 

Methods 

Farm Selection 

Veterinarians who agreed to participate in the study 
were asked to enroll growing-pig farms (i.e., farms that 
house pigs 3-30 weeks of age) in the midwestem United 
States that were representative of modem swine production 
systems and that were owned by producers interested in 
participating in the study. Producers were allowed to with- 
draw from the study at any time. 

Sample Collection 

From June 2009 through December 2011, participat- 
ing farms were visited every month for 12-24 consecutive 
months. At each visit, the investigator would meet with 
the farm manager/owner to decide which pigs were to be 
sampled. If pigs were all in 1 age group, samples were 
collected from that group; if pigs were in >1 age group, 
samples would be collected from the age group closest to 
10 weeks, the group most likely to yield the most influenza 
A vims-positive pigs, per previous reports {20). 

A total of 30 nasal swab samples were collected at each 
visit, enabling us to be 95% confident of detecting at least 
1 positive sample when influenza prevalence was at least 
10%. Clinically healthy pigs were restrained by a snare, 
and a nasal swab (Starswab II, Starplex Scientific Inc., Eto- 
bicoke, Ontario, Canada) was inserted 2-3 inches into the 
back of each nostril while being rotated. Nasal swabs were 
labeled with a specific code containing the farm identifica- 
tion number, month, 2-letter state abbreviation, and nasal 
swab sample number. 

During the visit, the age of the pigs and respiratory 
clinical signs (absence or presence of sneezing, coughing, 
and nasal secretion) among the group members were re- 
corded. Nasal swabs and submission sheets were placed 
into a Styrofoam container with ice packs and shipped 
overnight to the laboratory for testing. 


Sample Testing 

All nasal swab samples were tested at the virology 
department laboratory of St. Jude Children’s Research 
Hospital (Memphis, TN, USA). Nasal swab samples were 
initially screened for influenza A virus by real-time reverse 
transcription (RRT-PCR) selective for the matrix gene. 
Samples that were positive by RRT-PCR underwent fur- 
ther diagnostics for determination of subtype, including the 
influenza A(HlNl)pdm09 virus and swine HI and H3 vi- 
ruses {21-23). 

Statistical Analyses 

A farm was considered positive for a given month if 
any of the 30 individually collected swab samples tested 
positive. Farm-level data, such as farm size, were analyzed 
by repeated measures logistic regression, and differences 
between farms were accounted for by including farm as 
a random effect and allowing for an autoregressive effect 
by month within the farm. Model building was performed 
by first screening independent variables through univari- 
ate analysis. Variables with a p value <0.25 were retained 
for the multivariable model. All selected variables were 
forced in the model including 2-way interactions and were 
sequentially removed if p value was >0.05. 

We built 2 models. The first model assessed the re- 
lationships between farm status (positive vs. negative) for 
influenza virus and age, year, clinical signs, and season. 
The second model assessed the relationship between respi- 
ratory clinical signs (presence vs. absence) and subtype and 
season. Season was included in the models by categorizing 
the 4 seasons as follows: winter (January-March), spring 
(April-June), summer (July-September), and fall (Octo- 
ber-December). Statistical procedures were performed in 
SAS 9.2 (SAS Institute Inc., Cary, NC, USA). 

Results 

Farms were enrolled in the program as agreement to 
participate (by veterinarians and producers) was obtained; 
thus, the program started in June 2009 and ended in De- 
cember 2011. The 33 producers who agreed to participate 
were located throughout the midwestem United States: 17 
farms in Iowa, 4 in Illinois, 8 in Indiana, and 4 in Minne- 
sota. Each of the 33 farms housed 1,000-13,000 pigs. One 
group of 7 farms in Iowa withdrew from the program in 
August 2009 after the influenza A(HlNl)pdm09 vims-as- 
sociated crisis in the swine industry. 

Sample Test Results 

A total of 16,170 nasal swab samples from 540 groups 
of growing pigs from the remaining 32 farms were col- 
lected. From the total number of samples collected, 746 
(4.6%) were positive for influenza A vims by RRT-PCR, 
and 178 vimses were isolated from these samples. At least 
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1 positive sample was detected in 117 (21.7%) groups of 
pigs; thus, these groups were classified as positive. Of the 
32 farms, 29 (90.6%) had at least 1 positive group through- 
out the study. Of the 117 groups with RRT-PCR-positive 
results for infiuenza A virus, complete or partial subtype 
details were obtained for 99 (84.6%) pig groups (Figure 
1). Influenza A virus infection with just 1 subtype (HlNl, 
H1N2, H3N2, or HlNlpdm09) was detected in 21, 19, 9, 
and 17 groups, respectively. Dual infections were detected 
in 10 groups, of which 8 concurrently harbored influenza 
virus subtypes H1N2 andHlNlpdm09, 1 harbored subtype 
HlNl and an H3N-untypeable virus, and the remaining 
group harbored subtype HlNl and an HlN-untypeable vi- 
ms. Partial subtyping information was obtained for 16 pig 
groups, from which 11,4 and 1 were infected with an HlN- 
untypeable, H3N-untypeable, and an HlN-untypeable with 
pandemic matrix gene vims subtype, respectively. In 18 
groups, a subtype could not be defined through either RRT- 
PCR or sequencing. At most farms in our study, groups of 
pigs were identified as having multiple and different influ- 
enza A vimses detected throughout the surveillance period 
(Figure 1). Vimses were isolated from 178 swab samples 
that originated from 62 pig groups. 

Of the positive groups, the mean and median numbers 
of samples positive for influenza A vims by RRT-PCR 
were 6.4 and 2, respectively. The numbers of positive 
samples ranged from 1 to 30; most groups (n = 48) had 
1 positive sample (Figure 2). There were 15, 10, 4, and 2 
groups that had 2, 3,4, and 5 positive samples, respective- 
ly. A total of 13 groups had >20 positive samples, 2 had 29 
positive samples, and 1 had 30 positive samples. Although 
most samples collected from these 13 groups were positive 
for influenza A vims by RRT-PCR, pigs in only 7 of these 
groups exhibited clinical signs of influenza-like illness. 


The number of positive groups per farm ranged from 
1 to 18. On average, 31% of the groups tested by farm 
throughout the program were classified as positive (Figure 
3). Farms with no influenza A vims-positive results were 
monitored for »1 year but lacked consistency in the testing 
frequency and time intervals between tests. 

The average age of the pigs in the 540 groups was 13.7 
±5.7 weeks. Influenza vims was detected in pigs as young 
as 4 weeks and as old as 30-32 weeks of age. Mean age in 
positive groups was 12.4 ± 5.2 weeks and in negative groups 
was 13.9 ± 5.8 SD (Figure 4). However, age was not a sta- 
tistically significant predictor of influenza A vims test status. 

Clinical Signs 

Respiratory clinical signs were observed in pigs in 187 
(34.6%) of 540 groups. From these 187 groups that report- 
edly exhibited clinical signs, 43 (22.9%) were positive for 
influenza A virus. From the 353 groups that exhibited no 
clinical signs, 74 (20.9%) were positive for influenza virus 
(Table 1). Even when within-group prevalence of influenza 
A vims was high, such as in the 13 groups in which >20 
samples were positive for influenza A virus, clinical signs 
of respiratory disease were low. Indeed, clinical signs of in- 
fluenza-like illness were noted in only 7 of those 13 groups. 

Season 

Throughout the study, the numbers (proportions) of 
groups sampled in each season were similar. In winter, 124 
(23%) were sampled; in spring, 137 (25%); in summer, 150 
(28%); and in fall, 129 (24%) (Table 2). 

Logistic Regression 

In the first model, univariate analysis of all vari- 
ables (age, season, and year) except clinical signs yielded 
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Figure 1 . Swine infiuenza virus group status for 32 pig farms participating in an active surveiiiance project, midwestern United States, June 
2009-December2011. Each horizontai iine represents a farm, each dot represents a sampiing event, and coiors indicate virus status of 
the group. 
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Figure 2. Frequency distribution 
of number of nasai swab 
sampies positive for influenza 
virus by reai-time reverse 
transcription PCR, per group 
(totai 540 groups of pigs), 
midwestern United States, 
June 2009-December2011. 


No. positive/group 


p<0.25. The multivariable model retained 2 variables: sea- 
son and age. Odds of positive results for influenza A virus 
were 2 (95% Cl 1.1-3. 8) times and 1.9 (95% Cl 1.0-3.5) 
times higher for groups of pigs tested during the spring and 
summer, respeetively, than for groups tested during the fall. 
There was no assoeiation between the winter season and 
influenza virus deteetion. Age was not signifieantly (p = 
0.09) assoeiated with influenza A virus group status; how- 
ever, the variable was left in the model beeause of eon- 
founding (Table 3). 

In the seeond model, eomplete subtype information 
was available for 8 1 monthly test results. Beeause neither 
subtype nor season was signifieantly assoeiated with pres- 
enee of elinieal signs at the univariate level (Table 4), no 
attempts were made to build a multivariate model. 

Discussion 

Aetive surveillanee at 32 farms demonstrated that influ- 
enza A virus is eommonly present in the nasal seeretions of 
pigs; 29 (90.6%) farms had at least 1 positive group through- 
out the study. Despite this high group or population prev- 
alenee, deteetion of swine influenza A virus in individual 
samples was low and thereby eompatible with previously 
published findings {10,15-18) in whieh swine influenza A 


vims deteetion rates through either vims isolation or RRT- 
PCR on individual nasal swab samples was <5%, presenting 
a ehallenge for surveillanee programs. However, new sam- 
ple eolleetion teehniques in swine, sueh as the eolleetion of 
pen-based oral fluids (e.g., saliva) for antibody and antigen 
deteetion are beeoming more eommonly used beeause of 
their praetieality and lower testing eosts {24)', other studies 
have shown an inereased probability of deteetion, making 
oral fluid sampling a suitable and essential tool for popula- 
tion surveillanee on pig farms {25,26). Asymptomatie ear- 
riers of influenza A vims ean be deteeted more effieiently 
through oral fluid sampling of elinieally healthy populations 
than through nasal swab sampling. 

Influenza A vims persistenee in pig populations is not 
fully understood. In our study, 41% of the positive groups 
had only 1 positive nasal swab sample. One possible ex- 
planation eould be that these groups of pigs were sampled 
either at the beginning or end of an infeetion. Another pos- 
sible explanation eould be that underlying passive or ae- 
tive immunity enabled transmission to oeeur at a rather low 
rate and that transmission remained eontinuous in and thus 
perpetuated the infeetion within the population. However, 
our study was not designed to measure transmission. In 
addition, our study did not obtain information regarding 



Figure 3. Number of influenza A 
virus-positive and of influenza A 
virus-negative groups, by farm, 
midwestern United States, June 
2009-December 2011. 
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Figure 4. Age distribution 
of groups of pigs that were 
positive or negative for 
influenza A, determined by 
reai-time reverse transcription 
PCR, midwestern United 
States, June 2009-December 
2011 . 


the entrance into or exit from the farm by groups of pigs. 
Therefore, it is possible that the same group of pigs was 
sampled on consecutive months. 

In our study, the absence of respiratory clinical signs in 
groups of pigs harboring influenza A virus is notable. This 
lack of signs could be the result of events such as the pres- 
ence of antibodies conferred by colostrum ingestion (e.g., 
maternal immunity), vaccination, or previous exposure; oth- 
er studies have suggested that low levels of exposure to virus 
might preclude clinical signs in pigs (27-29). Subclinical 
infections in pigs have public health implications because 
humans can become infected after coming in contact with 
apparently healthy pigs that are shedding enough infectious 
viral particles (5,30-32). Subclinical infections are perhaps 
one of the most common routes for influenza A virus en- 
try into a pig farm because replacement breeding stock or 
recently weaned animals are constantly moved within and 
between states and countries. In fact, there is evidence that 
movement of pigs might have been the cause of dissemina- 
tion of certain virus lineages within the United States, and 
subclinical infections might have played a role (33). 

Pathogenicity of swine influenza A virus can vary 
among strains within the same subtype (34). From a clini- 
cal signs standpoint, experimental infection with influenza 
A virus has resulted in great variability (29). When swine 
influenza A virus is part of a co-infection (i.e., with other 
viruses and/or bacteria), clinical signs are evident (35,36); 
such co-infections might reflect the health status situation 
of the groups of pigs used in this study because the likeli- 
hood of co-infections in the field was high. However, in 
our study, the lack of association between virus subtype 
and clinical signs is difficult to explain. More studies are 


Table 1. Influenza virus status and respiratory clinical signs 
among growing pigs, midwestern United States, June 2009- 
December 201 1 


Clinical signs 

Influenza virus status, no. groups 

Total, no. 
groups 

Positive 

Negative 

Present 

43 

144 

187 

Absent 

74 

279 

353 

Total 

117 

423 

540 


needed to better understand the role that virus subtypes 
play on the presence of respiratory signs. 

Our study demonstrated that influenza A virus is pres- 
ent in growing pigs throughout the year and that groups 
of pigs are more likely to have positive test results dur- 
ing the spring and summer than in the fall. This finding is 
contrary to what has been suggested (7). The previously 
suggested seasonal trend could have been based on pres- 
ence of clinical signs that appear during a time of the year 
when other factors are present (e.g., cold weather, bad air 
quality inside bams, co-infections) (7,37), which led vet- 
erinarians to submit samples to diagnostic laboratories for 
the detection of influenza A vims. However, as mentioned 
earlier, subclinical infections might have occurred during 
warm months, thereby leading to misinterpretation of the 
information available at that time. Another possible expla- 
nation for finding more influenza A vims-positive groups 
in the spring and summer is the increase of pigs born to 
primiparous females. This increase in potentially more sus- 
ceptible growing pigs is a result of increased breeding of 
gilts (female pigs that have not had their first litter) dur- 
ing late summer, when swine producers often increase the 
number of gilts bred. These primiparous females often have 
a lower level of antibody protection to offer to their first 
litter of piglets. These relatively immunologically naive 
piglets would often be the group studied in the spring and 
summer seasons (38), providing a source of susceptible in- 
dividuals in which vimses circulate during these seasons. 

A limitation of our study might be the locations of 
the farms, which were all in the midwestern United States. 
Weather conditions and seasons in the midwestern United 


Table 2. Influenza virus status among growing pigs, by season, 
midwestern United States, June 2009-December 201 1 


Influenza virus status, no. groups 

Total, no. 

Season 

Positive 

Negative 

groups 

Winter 

19 

105 

124 

Spring 

37 

100 

137 

Summer 

40 

110 

150 

Fall 

21 

108 

129 

Total 

117 

423 

540 
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Table 3. Relationship between group influenza status with age 
and season in growing pigs tested for influenza virus, midwestern 
United States, June 2009-December 2011* 


Variable 

Estimate 

Odds ratio (95% Cl) 

p value 

Intercept 

-1.330 

NA 

<0.01 

Season 




Fall (referent) 

NA 

NA 

NA 

Spring 

0.741 

2.0 (1.1- 3.8) 

0.01 

Summer 

0.657 

1.9 (1. 0-3.5) 

0.03 

Winter 

-0.072 

0.9 (0.4-1 .8) 

0.83 

Age 

-0.041 

0.9 (0.9-1 .0) 

0.09 

*Repeated measures logistic regression multivariable analysis. 


Generalized y divided by degrees of freedom = 0.92. NA, not applicable. 


States might not accurately reflect conditions in other swine- 
producing areas of the United States, namely, the southeast- 
ern and south-central regions. For logistical reasons, neither 
of these regions was included in this study. 

Surveillance will continue to be a useful tool for in- 
fectious disease epidemiology because the data it provides 
will aid in the understanding of the determinants of infec- 
tion, enabling scientists and practitioners to work toward 
generation of disease prevention and control strategies 
(59). Surveillance studies contribute to science by generat- 
ing data about zoonotic and emerging pathogens { 40 ). Such 
contributions are true for influenza A virus in swine because 
emerging influenza viruses have been identified through 
surveillance programs ( 15 , 16 ). In summary, our study has 
led to the following 3 conclusions: 1) different influenza 
viruses circulate simultaneously within pig populations; 2) 
influenza is present in pigs of different ages at a rather low 
prevalence throughout the year; and 3) subclinical infec- 
tions are frequent among groups of pigs. More studies are 
needed to add to understanding of influenza A virus. 
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Table 4. Relationships between clinical signs with subtype and 
season among pigs tested for influenza virus, midwestern United 
States, June 2009-December 201 1 * 

Variable 

Estimate 

Odds ratio 
(95% Cl) 

p value 

Seasonf 

Intercept 

-0.234 

NA 

0.65 

Fall (referent) 

NA 

NA 

NA 

Spring 

-0.411 

0.6(0.1-2.5) 

0.53 

Summer 

-0.410 

0.6(0.1-2.4) 

0.53 

Winter 

0.361 

1.4 (0.3-6.7) 

0.63 

Influenza virus subtypej 

Intercept 

1.7 

NA 

0.95 

FI1N1 (referent) 

NA 

NA 

NA 

H1N2 

-1.381 

0.5(0.1-2.0) 

0.96 

H3N2 

-1.476 

0.5 (0.09-2.5) 

0.95 

H1N2v 

-2.105 

0.2 (0.03-2.0) 

0.93 

H3N2v 

9.541 

NA 

0.95 

H1N1pdm09 

-1.582 

0.4 (0.1-1. 7) 

0.95 

Mixed infection 

-2.210 

0.2 (0.04-1.3) 

0.93 


’Logistic regression univariate anaiysis; NA, not applicable. 
fGeneralized divided by degrees of freedom = 0.96. 
tLikeiihood ratio x^ (6) = 6.01 df, p = 0.42. 
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During 1985-2005, a total of 91 laboratory-confirmed 
outbreaks of foodborne botulism occurred in Canada; these 
outbreaks involved 205 cases and 11 deaths. Of the out- 
breaks, 75 (86.2%) were caused by Clostridium botulinum 
type E, followed by types A (7, 8.1%) and B (5, 5.7%). Ap- 
proximately 85% of the outbreaks occurred in Native com- 
munities, particularly the Inuit of Nunavik in northern Que- 
bec and the First Nations population of the Pacific coast 
of British Columbia. These populations were predominantly 
exposed to type E botulinum toxin through the consump- 
tion of traditionally prepared marine mammal and fish prod- 
ucts. Two botulism outbreaks were attributed to commercial 
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ready-to-eat meat products and 3 to foods served in restau- 
rants; several cases were attributed to non-Native home- 
prepared foods. Three affected pregnant women delivered 
healthy infants. Improvements in botulism case identifica- 
tion and early treatment have resulted in a reduction in the 
case-fatality rate in Canada. 

F oodborne botulism, a notifiable disease in Canada, re- 
sults from the ingestion of foods contaminated with pre- 
formed botulinum neurotoxin types A, B, E, or F, produced 
by Clostridium botulinum groups I and II (7). More rarely, 
outbreaks of foodborne botulism in the United States, In- 
dia, and China have been caused by neurotoxigenic C. bu- 
tyricum type E (2,3) and C. baratii type F (4). In Canada, 
C. botulinum type E has been the most common serotype 
since the first type E outbreak in 1944 in Nanaimo, British 
Columbia (reported in 1947) (5-7). 

Six forms of botulism have been described in the lit- 
erature (5), but only foodborne and infant botulism and rare 
cases of adult colonization have been reported in Canada 
(1,9). Regardless of the form or serotypes involved, how- 
ever, human botulism is a medical emergency that requires 
rapid intervention. Because prompt administration of anti- 
toxin can reduce the severity of the disease (10), the deci- 
sion for treatment is based on clinical diagnosis and epi- 
demiologic information, without laboratory confirmation. 

Investigation of foodborne botulism incidents provides 
useful information regarding implicated foods and condi- 
tions resulting in toxin formation. The last epidemiologic 
review on foodborne botulism in Canada was done for the 
1971-1984 period (7). Since then, annual summaries of 
botulism cases were inconsistently published through dis- 
ease surveillance reports (e.g., 77,72). Here, we summa- 
rize reports of all laboratory -confirmed cases of foodborne 
botulism in Canada during 1985-2005. 

Materials and Methods 

Data Sources 

Two independent laboratory databases, maintained by 
the Botulism Reference Service at Health Canada, Ottawa, 
Ontario, and the British Columbia Public Health Reference 
Microbiology Laboratory, Vancouver, British Columbia, 
were examined for cases of foodborne botulism confirmed 
during 1985-2005. Information regarding the number of 
clinical cases, age and sex of patients, implicated food, 
case history, laboratory analysis, date, and location of the 
outbreak were extracted. 

To ensure consistency in data recording and analysis 
throughout the study period, we used the 2009 national 
case definition for confirmed cases of foodborne botulism 
(75). A case of foodborne botulism is confirmed on the ba- 
sis of clinical evidence and a positive laboratory specimen 


(i.e., detection of botulinum neurotoxin in serum, feces, 
gastric aspirate, or food or isolation of C. botulinum from 
feces or gastric aspirate). In addition to cases with labora- 
tory confirmation, persons with botulism who were epide- 
miologically linked to a laboratory-confirmed case were 
considered to have confirmed, and thus reportable, cases. 
Detection of botulinum neurotoxin and isolation of viable 
C. botulinum from foods and clinical specimens were per- 
formed according to Health Canada method MFHPB-16 
(14). Data on length of hospitalization were retrieved from 
the Hospital Morbidity Database (HMDB) of the Cana- 
dian Institute for Health Information (www.cihi.ca); all re- 
cords that listed botulism in the first 3 suspected diagnos- 
tic codes were extracted for the years 1994-2005 (all years 
currently available). These records were then matched to 
the laboratory records by age, sex, date of admission, date 
of sample, and province of residence. Only cases with 
laboratory confirmation were included in the analysis of 
the HMDB data. 

Data Analysis 

To provide a descriptive epidemiology of outbreaks 
of foodborne botulism in Canada during 1985-2005, we 
analyzed data from laboratory-confirmed outbreaks (in 
Canada, because of the urgency of the disease, 1 case of 
botulism constitutes an outbreak) in terms of case numbers 
and rates, demographic characteristics of patients, length 
of hospitalization, food types, outbreak settings, serotype, 
and circumstances of occurrence. The rates of disease were 
calculated by using census data from Statistics Canada and 
other sources (15,16). Statistical analysis of the HMDB data 
was done in SPSS version 19 (IBM, Armonk, NY, USA). 
The Mann- Whitney test was done to compare central ten- 
dency of the data; relationships were considered significant 
at p<0.05. 

Results 

Demographics and Incidence 

Of 91 laboratory-confirmed outbreaks (a total of 205 
cases), C. botulinum type E was implicated in 75 (86.2%), 
followed by types A (7, 8.1%) and B (5, 5.7%). Median pa- 
tient age was 45 years (range 3-80 years); 93 (48.4%) were 
male. Three cases in the Nunavik region were recorded as 
repeated episodes of type E botulism, with the second epi- 
sodes occurring 10-20 years after the initial intoxication. 
Overall, the number of outbreaks of foodborne botulism 
did not decrease during the study period, with a mean of 4.3 
outbreaks/year. Outbreaks involved 1-37 cases, and 78% 
of outbreaks involved 1 or 2 cases. Mean annual incidence 
was 0.03 cases/100,000 population. The annual number of 
cases was marked by peaks associated with large outbreaks 
(Figure 1). The number of cases appeared to decrease 
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Table 1. Foodborne botulism outbreaks, cases, deaths, and 
case-fatality rates, by 5-year intervals, Canada, 1985-2005 


Period 

No. 

outbreaks 

No. 

cases 

No. 

deaths 

Case-fatality 

rate 

1985-1989 

20 

90 

7 

8.8 

1990-1994 

22 

42 

1 

2.4 

1995-1999 

27 

55 

2 

3.6 

2000-2005 

22 

28 

1 

3.4 

1985-2005 

91 

205 

11 

5.4 


Figure 1. Number of cases of foodborne botulism and disease 
incidence (rate/100,000 population), Canada, 1985-2005. 


during the last 5 years of the study period; lower numbers 
of outbreaks with multiple cases were reported (Table 1). 

Morbidity and Mortaiity 

A total of 1 1 deaths were reported (case-fatality rate 
5.4%). Within the 21-year study period, the case-fatality 
rate declined from 8.8% in 1985-1989 to 2.4% in 1990- 
1994 and then remained below 3.6% during the remaining 
5-year intervals (Table 1). However, because mortality data 
were derived from the laboratory databases that do not of- 
ficially keep mortality records, these data should be inter- 
preted with caution. 

Three of the reported cases occurred in pregnant 
women. Case history revealed that 2 of these women were 
exposed to type E botulinum neurotoxin and 1 to type B 
botulinum neurotoxin. No apparent effect on pregnancy 
was reported. 

Severity of illness was assessed by using HMDB 
data for 1994-2005. The length of hospitalization was ob- 
tained for 70 patients with type E botulism (Table 2); the 
low number of type A and type B botulism cases recorded 
in HMDB did not enable valid data reporting. Although 
HMDB does not list deaths, the authors are aware of 1 fatal 
type E case from among these patients. Of botulism type 
E case -patients with known length of hospitalization, 37 
(52.9%) were female and 33 male, which was not signifi- 
cantly different (p = 0.633). The median length of hospital- 
ization was 7 days for female (mean 14.8 days) and male 
(mean 8.7 days) patients; these findings were not signifi- 
cantly different (p>0.05). The mean for the female group 
was influenced by 1 fatal case in which the patient was 
hospitalized for 225 days. When type E case-patients were 
subdivided based on age, age groups differed in length of 
hospitalization, but a trend was not apparent (Table 2). 

Hospital procedure codes were extracted from 
HMDB for 54 patients with type E botulism. These 54 
cases represent only a subset of the total type E cases, and 
all were laboratory confirmed and matched with labora- 
tory records. Intubation alone was recorded for 16 (30%) 
patients, antitoxin alone for 21 (39%) patients, and both 
for 5 (9%) patients; 12 (22%) patients received neither an- 
titoxin nor ventilation. 


For the group comprising all patients that received an- 
titoxin (n = 26), the median length of hospital stay was 5 
days (mean 15.1 days, SD 43.2), significantly (p = 0.003) 
shorter than for the group that did not receive antitoxin (n = 
28), which had a median length of hospital stay of 1 1 days 
(mean 13.3 days, SD 8.32). For the group comprising all 
patients that were intubated (n = 21), the median length of 
hospital stay was 13 days (mean 24.5 days, SD 46.6), sig- 
nificantly (p<0.001) longer than for the group that did not 
undergo intubation (n = 33), which had a median length of 
hospital stay of 5 days (mean 7.58 days, SD 6.24). Intuba- 
tion is likely a marker of severity of symptoms and is not 
thought to be the cause of increased length of hospitaliza- 
tion. No determination for the elapsed time period between 
symptom onset and the administration of antitoxin or ven- 
tilation was available. 

Geographic Distribution 

Most (85, 93.4%) confirmed botulism outbreaks 
originated in Quebec, British Columbia, Nunavut, and the 
Northwest Territories. Reported cases predominantly oc- 
curred in Quebec and British Columbia, with 89 and 71 
cases, respectively; these cases accounted for 78% of the 
total number of cases (Table 3). Of 5 1 outbreaks in Quebec, 
45 (88%) occurred in the Nunavik region of northern Que- 
bec; 91% of these were clustered in 3 villages of southern 
Ungava Bay (Kuujjuaq, Kangiqsualujjuaq, and Tasiujaq), 
which are inhabited by an Inuit population of 2,587 (Fig- 
ure 2). In British Columbia, 9 (64%) of 14 outbreaks (20 
cases) occurred in First Nations communities located along 
the Pacific Coast. The high number of cases recorded in 
the province was primarily because of 2 large restaurant- 
associated outbreaks in Vancouver that affected 37 persons 
(77) and 11 persons ( 18 ). In Ontario, 3 outbreaks were re- 
corded, with 1 affecting 3 persons and causing 1 death. No 


Table 2. Length of hospitalization for botulism type E case- 

patients, by age group, Canada, 1985-2005 

Age group, No. Length of hospitalization, d 

y cases Mean Median Range 


<30 

5 

47.6 

2 

1-225 

30-39 

8 

4.6 

4 

1-8 

40^9 

18 

10.8 

9.5 

3-29 

50-59 

23 

6.0 

4 

1-18 

60-69 

10 

15.3 

15.5 

3-30 

>70 

6 

12.0 

6.5 

2-37 

All 

70 

11.9 

7 

1-225 
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Table 3. Foodborne botulism outbreaks, cases, and deaths, by province/territory, Canada, 1985-2005 


Province/territory 

No. (%) outbreaks 

No. {%) cases 

No. (%) deaths 

Newfoundland and Labrador 

2 (2.2) 

3(1.5) 

1 (9.1) 

Quebec* 

51 (56.0) 

89 (43.4) 

2 (18.2) 

Ontario 

3 (3.3) 

5 (2.4) 

1 (9.1) 

British Columbia 

14 (15.4) 

71 (34.6) 

3 (27.3) 

Yukon 

1 (1.1) 

3(1.5) 

1 (9.1) 

Northwest Territories 

12 (13.2) 

16 (7.8) 

2 (18.2) 

Nunavut 

8 (8.8) 

18 (8.8) 

1 (9.1) 

Canadaf 

91 

205 

11 

*Forty-five outbreaks occurred in the Nunavik region of Northern Quebec 

fNo laboratory-confirmed cases of foodborne botulism were reported from Alberta, Saskatchewan, Manitoba, New Brunswick, Nova Scotia or Prince 
Edward Island. 


botulism cases were reported in the provinces of Alberta, 
Saskatchewan, Manitoba, New Brunswick, Nova Scotia, 
and Prince Edward Island during the study period. 

Traditional Native Foods 

Other than a single outbreak in Nunavut caused by 
consumption of fermented fish heads, all type E outbreaks 
with known food sources in northern Canada were linked 
to marine mammals, including beluga whales, seals, and 
walruses (Table 4). Of the 41 botulism outbreaks in Nun- 
avik, 32 (78%) were caused by food products of seal origin; 
aged meat (igunaq) and aged flippers {utjaq) were most 
frequently implicated foods in Nunavik, accounting for 1 5 
(47%) seal-related outbreaks. Beluga whale was involved 
in 16 (80%) of 20 outbreaks in Nunavut and the Northwest 
Territories. Eleven of these outbreaks were caused by muk- 
tuk, which is aged pieces of skin (with fat and meat) of the 
beluga whale. 


In the First Nations communities of British Columbia, 
9 outbreaks of type E botulism were associated with the 
consumption of aged fish products. Fermented salmon eggs 
(stink eggs) have been the primary source of botulism, ac- 
counting for 8 of 9 (89%) outbreaks in British Columbia 
coastal communities. Because no carbohydrates are avail- 
able in these eggs for a fermentative transformation into or- 
ganic acids, the aging process involves putrefaction rather 
than fermentation. 

Restaurant Food 

The 1985 type B outbreak involving garlic-in-oil at 
a Vancouver restaurant affected 37 persons; 24 were hos- 
pitalized, and none died (77) (Table 4). The outbreak oc- 
curred in 2 clusters, with 1 1 cases in the first cluster during 
July 28-August 2, 1985, and 26 cases in the second cluster 
during August 29-September 5, 1985. In this incident, gar- 
lic-in-oil used in sandwiches was kept at room temperature 

Figure 2. Distribution of out- 
breaks of foodborne botulism 
by serotype, Canada, 1985- 
2005. Circles represent type 
E outbreaks, triangles type 
A outbreaks, pentagons type 
B outbreaks, and squares 
outbreaks of unknown serotype. 
Circle sizes are proportionate 
to the number of outbreaks 
occurring in a given location. 
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Table 4. Foodborne botulism outbreaks, cases, and deaths, by food source and year, Canada, 1985-2005 

Food source and year 

Implicated food source 

No. 

outbreaks 

No. 

cases 

No. 

deaths 

Toxin 

serotype 

Commercial retail foods 

1995 

Pate 

1 

2 

0 

B 

2000 

Cooked boneless pork 

1 

1 

0 

A 

Restaurant foods 

1985 

Chopped garlic in oil 

1 

37 

0 

B 

1987 

Bottled chanterelle mushrooms 

1 

11 

0 

A 

2002 

Baked potato 

1 

1 

0 

A 

Home-prepared foods 

1985 

Home-canned mushrooms 

1 

1 

0 

B 

1988 

Homemade sausages 

1 

1 

0 

E 

1989 

Bean soup 

1 

1 

0 

A 

1991 

Home-canned asparagus 

1 

3 

1 

A 

1993 

Homemade beef and vegetable soup 

1 

1 

0 

A 

1995 

Marinated and smoked fish 

1 

3 

1 

E 

2000 

Spaghetti sauce containing home-canned sausage 

1 

1 

0 

A 

2001 

Fish 

1 

1 

0 

B 

Native foods 

1985-2005 

Marine mammal products 
Seal meat and fat 

37 

70 

5 

E 


Walrus meat 

3 

9 

0 

E 


Beluga meat and skin* 

19 

31 

1 

E 


Meat and fat 

3 

3 

0 

E 

1985-2001 

Fish products 
Salmon eggs 

8 

19 

3 

E 


Fish and fish heads 

2 

2 

0 

E 

Unknown food source* 

1990-2005 

Unknown 

6 

7 

0 

B, E 

*Serotype was not confirmed for 2 outbreaks involving muktuk and for 1 outbreak with an unknown food source. 





for 8 months. In a 1987 botulism outbreak at a hotel restau- 
rant in Vaneouver, 1 1 persons beeame ill after eonsuming 
bottled ehanterelle mushrooms eontaminated with type A 
botulinum neurotoxin (18). The mushrooms were grown on 
Vaneouver Island and bottled at the hotel using an in-house 
heating proeess. One jar reeovered during the investigation 
was found to eontain 4,000 minimal lethal dose/mL of type 
A neurotoxin in the liquid phase. 

A third outbreak assoeiated with a restaurant oeeurred 
in Ontario in 2002 and involved a single ease of type A 
botulism linked to a baked potato (19). This patient be- 
gan to show gastro -intestinal and neurologie symptoms 12 
hours after eating the potato, the remains ofwhieh had been 
disearded and was unavailable for testing. The patient was 
hospitalized for >6 months and released with long-term se- 
quelae; the patient eontinued to experienee weakness and 
vision problems 4 years after the ineident. 

Commercial Foods 

Two unrelated ineidents involving eommereial ready- 
to-eat meat produets were reported in Quebee in 1995 and 
2001 (Table 4). In both instanees, produets that were in- 
tended to be refrigerated were stored at room temperature, 
whieh enabled growth of C. botulinum and toxin produe- 
tion. In the 1995 ineident, C. botulinum type B was isolated 
from feeal samples of 2 persons and from a eommereial 
eountry-style pate. In the 2001 ineident, C. botulinum type 
A was isolated from a eooked boneless pork produet and 


from feeal and gastrie liquid samples from a patient. The 
eooked boneless pork produet was reealled as a preeaution- 
ary measure. 

Home-prepared Foods 

Several ineidents during the 21 -year study period 
involved non-Native home-prepared foods (Table 4). 
Home-eanned mushrooms were linked to a type B botu- 
lism ineident that affeeted 1 person in Quebee. Home- 
eanned asparagus was involved in 1 type A botulism in- 
eident in Ontario; 3 persons required intensive eare, and 
1 died. In this ineident, 8 of 10 glass jars of whole-stalk 
asparagus showed evidenee of odorous gas produetion 
during the investigation. One additional type A ease was 
linked to the eonsumption of home-eanned vegetable and 
beef soup. 

A variety of noneanned home -prepared foods, inelud- 
ing bean soup, spaghetti sauee, sausages, and fish, were 
also implieated in botulism outbreaks, although most of 
the ineidents eould not be laboratory eonfirmed beeause no 
remaining food was available. Home-smoked fish was re- 
sponsible for 3 eases of type E botulism, with 1 fatality, in 
the Yukon in 1995. Diagnosis and treatment with antitoxin 
was delayed until 3 days after the onset of symptoms. An- 
other ineident of fish eonsumption affeeted 1 tourist travel- 
ing in Quebee in 2001, but the mode of preparation was 
not reeorded. Home-prepared spaghetti sauee made with 
home-eanned sausage eaused botulism in 1 person from 
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Quebec in 2000. Another type A case was associated with 
the consumption of homemade bean soup, but its prepara- 
tion was not documented. 

Laboratory Findings 

Of 91 total confirmed outbreaks in Canada during the 
study period, 77 (84.6%) were confirmed by detection of 
botulinum neurotoxin only or by detection of neurotoxin 
and isolation of C. botulinum from laboratory specimens. 
The remaining 14 outbreaks were confirmed by detection 
of C. botulinum in gastric contents and/or fecal samples 
only, without detection of neurotoxin in clinical samples. 
Food was recovered in 69 (75.8%) of the outbreak in- 
vestigations. The detection rate for botulinum neurotoxin 
in foods (78.3%) was found to be higher than for serum 
(34.9%), feces (34.5%), or gastric contents (11.0%) (Table 
5). C. botulinum was also more frequently detected in foods 
(83.3%), followed by gastric contents (51.3%) and feces 
(40.3%). Two botulism cases were confirmed by the detec- 
tion of C. botulinum in liver tissue during autopsies. 

Discussion 

The annual mean of 4.3 confirmed botulism outbreaks 
during 1985-2005 was identical to that reported for the 
1971-1984 period (7); however, the case-fatality rate 
dramatically decreased during 1985-2005, from 17% to 
5.4%. This decrease could reflect the increased aware- 
ness of symptoms in high-risk communities, which leads 
to prompt medical attention and the administration of 
antitoxin. Similar to 1971-1984, most cases occurred in 
Quebec, British Columbia, Nunavut, and the Northwest 
Territories, which is likely a reflection of the rate of con- 
sumption of higher-risk traditional foods in these provinc- 
es and territories. The annual mean number of outbreaks 
for British Columbia decreased from 0.9 to 0.7, whereas 
the rate for Quebec remained unchanged at 2.4 outbreaks 
per year. The Northwest Territories, Nunavut, and Yukon 
combined had 21 outbreaks during the study period, an 
annual average of 1 outbreak per year, unchanged from 
1971-84 (7). 


Botulism remains a public health challenge in many 
communities where Native foods are persistently incrim- 
inated (7). The mean incidence rate for all of Canada is 
low and is similar to that of the United States {20), but the 
rate among the Native population of Nunavik, where type 
E botulism linked to aged marine mammal products is en- 
demic, is >1,600 times higher than for the rest of Canada 
(0.03/100,000 population for Canada vs. 50.5/100,000 
population for Nunavik). Outbreaks of botulism associated 
with Native foods in Canada account for 83.5% of all out- 
breaks; in the United States, 36.3% of all outbreaks were 
associated with Native foods in Alaska {20). 

Previous epidemiologic studies have identified the 
food types and the modes of preservation of foods fre- 
quently associated with type E botulism in northern Canada 
{6,7). Aged marine mammals and fish were the predomi- 
nant vehicles of type E botulism before 1985 and remain 
responsible for most type E botulism cases in Canada. The 
risk for contamination of marine mammal meat during the 
butchering process performed under field conditions is 
high because of the ubiquitous presence of the organism 
in the coastal environment {21,22). Measures to minimize 
field contamination of marine mammal tissues with type E 
spores during the butchering and preparation of meat, fat, 
or skin have recently been developed {23). In collaboration 
with regional health authorities, studies directed at con- 
trolling the growth of C. botulinum type E in aged marine 
mammal products have indicated that storage temperatures 
<3°C will prevent toxin production during the aging pro- 
cess of Native foods {23,24). 

Food service establishments are potential risk set- 
tings where widespread public exposure to contaminated 
foods may occur. The garlic-in-oil incident in 1985 was 
the first reported Canadian botulism outbreak associated 
with a food service establishment and was the largest 
ever reported botulism outbreak in Canada. This incident, 
along with a similar incident that occurred in the United 
States in 1989, led to regulatory changes requiring in- 
clusion of acidifying agents in commercial garlic-in-oil 
products (25). The restaurant outbreak involving bottled 


Table 5. Results of laboratory analyses of clinical and food specimens submitted for botulism investigation, Canada, 1 985-2005 


Specimen type 

Test type 

No. outbreaks 

No. specimens 

No. {%) specimens with 
positive results 

Serum 

BoNT 

82 

212 

74 (34.9) 

Gastric contents 

BoNT 

48 

73 

8(11.0) 


Clostridium botulinum 

47 

78 

40 (51.3) 

Feces 

BoNT 

57 

84 

29 (34.5) 


C. botulinum 

60 

139 

56 (40.3) 

Liver 





Blood 

BoNT 

1 

2 

0 (0.0) 

Tissue 

C. botulinum 

1 

2 

2 (100) 

Cerebrospinal fluid 

BoNT 

1 

1 

0 (0.0) 

Food 

BoNT 

69 

69 

54 (78.3) 


C. botulinum 

66 

66 

55 (83.3) 

*BoNT, botulinum neurotoxin. 
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chanterelle mushrooms in 1987 led the Canadian Restau- 
rant and Foodservices Association to modify its sanitation 
code to recommend that in-house canned or bottled foods 
not be served in restaurants. 

The number of botulism incidents associated with foods 
sold at retail remained low, with only 2 outbreaks causing 
illness to 3 persons. Non-Native home-prepared foods were 
implicated in 8 outbreaks in Canada; 2 of these were caused 
by home-canned vegetables. Continuous education is needed 
to inform consumers of the potential risks of botulism from 
eating home-prepared foods and to promote the use of a 
pressure canner according to manufacturer’s instructions and 
proper food storage temperatures in the home. 

In addition to the classic diagnostic samples (i.e., se- 
rum, gastric content, feces, and suspect foods), the confir- 
mation of 2 cases in 1985 was completed with the detection 
of viable C. botulinum in liver tissue during postmortem 
examination. Detection of viable C. botulinum in postmor- 
tem liver samples has been reported previously (7,26). 

We found that 3 pregnant women who were diagnosed 
with botulism had no reported pregnancy complications. 
One of the patients had persistent toxemia for >10 days 
during the first trimester of pregnancy and later delivered a 
normal infant. Five previous cases of botulism during preg- 
nancy have been reported; none of the infants appeared to 
have clinical botulism at birth (27-31). No evidence shows 
that botulinum toxin can cross the placenta (32) or that the 
neuromuscular effects of botulinum toxin on the mother 
would affect the development of the fetus (28). 

Type A botulism is recognized to be more severe than 
type E botulism because of the higher proportion of pa- 
tients who require intubation (33). Hughes et al. reported 
the mean length of hospitalization as 63 days for type A 
and 21 days for type B botulism (34), longer than the 1 1.9 
days determined in this study for type E botulism. Adminis- 
tration of antitoxin has been shown to reduce risk for death 
and shorten the course of type A botulism (10). The data 
in this study showed that antitoxin shortened the median 
length of hospitalization for patients with type E botulism 
from 1 1 days to 5 days. 

The overall case-fatality rate from botulism in Canada 
has decreased from 17.2% to 5.4%, approaching the rate 
in United States (20), which can likely be attributed to the 
early recognition and medical management of type E botu- 
lism cases in First Nations and Inuit communities. Most 
foodborne botulism outbreaks in Canada continue to occur 
among First Nations and Inuit people, a trend that has not 
changed since a 1974 comprehensive review of botulism 
cases, which attributed most cases of type E botulism to 
aged marine mammal and fish products (6). However, ex- 
tensive progress has been made in improving case identi- 
fication and early treatment, which has led to a substantial 
decrease in the case-fatality rate. 
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Novel Mycobacterium tuberculosis 
Complex Isolate from a 
Wild Chimpanzee 

Mireia Coscolla, Astrid Lewin, Sonja Metzger, Kerstin Maetz-Rennsing, 

Sebastian Calvignac-Spencer, Andreas Nitsche, Pjotr Wojtek Dabrowski, Aleksandar Radonic, 
Stefan Niemann, Juiian Parkhiii, Emmanuei Couacy-Hymann, Juiia Feidman, inaki Comas, 
Christophe Boesch, Sebastian Gagneux,^ and Fabian H. Leendertz^ 


Tuberculosis (TB) is caused by gram-positive bac- 
teria known as the Mycobacterium tuberculosis complex 
(MTBC). MTBC include several human-associated lineag- 
es and several variants adapted to domestic and, more 
rarely, wild animal species. We report an M. tuberculosis 
strain isolated from a wild chimpanzee in Cote d’Ivoire that 
was shown by comparative genomic and phylogenomic 
analyses to belong to a new lineage of MTBC, closer to the 
human-associated lineage 6 (also known as M. africanum 
West Africa 2) than to the other classical animal-associated 
MTBC strains. These results show that the general view of 
the genetic diversity of MTBC is limited and support the pos- 
sibility that other MTBC variants exist, particularly in wild 
mammals in Africa. Exploring this diversity is crucial to the 
understanding of the biology and evolutionary history of this 
widespread infectious disease. 

T uberculosis (TB) is caused by closely related acid- 
fast bacteria known as the Mycobacterium tubercu- 
losis complex (MTBC) (7). MTBC includes the typical 
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de Investigacion en Salud Publica, Valencia, Spain (M. Coscolla, I. 
Comas); Robert Koch-lnstitut, Berlin, Germany (A. Lewin, S. Metzger, 
S. Calvignac-Spencer, A. Nitsche, P. Wojtek Dabrowski, A. Radonic, 
F.H. Leendertz); Max-Planck-lnstitute for Evolutionary Anthropology, 
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human-associated pathogens M. tuberculosis and M. 
africanum (2); M. canettii and other so-called “smooth 
TB bacilli” (5), the actual host range of which remains 
unknown; and several lineages adapted to different mam- 
mal species that include M. bovis, M. microti, M. caprae, 
M. orygis, and M. pinnipedii {4-6). Because of the wider 
host range of animal-associated MTBC, the common 
view until a decade ago was that human TB strains had 
evolved from M. bovis, the typical agent of bovine TB. 
Recent comparative genomic analyses have challenged 
this view by showing that animal MTBC strains nest 
within the genetically more diverse human MTBC strains 
{4,7-9). These results not only contradict the hypothesis 
of an animal origin for human MTBC but also promote an 
alternative scenario for a human origin of animal MTBC 
{10). However, little is known about MTBC diversity in 
domestic animals, and even less about MTBC diversity 
in wildlife, including our phylogenetically closest rela- 
tives, the great apes. Of note, novel members of MTBC 
affecting wild mammals in Africa have recently been dis- 
covered {11,12), a finding that suggests animal MTBC is 
more diverse than previously thought. 

We report microbiologically confirmed MTBC infec- 
tion in a wild chimpanzee. We show that this infection was 
caused by a divergent MTBC strain that does belong to the 
clade that includes M. bovis and all other animal-associated 
members of MTBC but is more closely related to human- 
associated lineage 6 (also known as M. africanum West Af- 
rica type 2 [WA2]). This finding highlights critical gaps in 
knowledge of MTBC diversity and indicates that African 
wildlife, and more particularly nonhuman primates, are po- 
tential hosts of novel MTBC variants. 
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Materials and Methods 

Investigation of Wild Chimpanzee Death 

In the course of a long-term study comprising be- 
havioral observations and disease investigations of wild 
chimpanzees habituated to humans in Tai National Park, 
Cote d’Ivoire, necropsies are performed routinely on any 
chimpanzee or other mammal found dead. Detailed analy- 
ses are performed to identify the causes of death of every 
animal (7i). 

On August 5, 2009, an adult female chimpanzee of one 
of the study communities was found dead; lesions on the 
throat and alarm calls by other members of the community 
under observation at the time indicated that the animal had 
been killed by a leopard. The chimpanzee was one of the 
oldest females of the group (estimated age 52 years), and 
her body condition had deteriorated over the years. Nec- 
ropsy was performed and tissue samples were frozen and 
fixed in formalin. Frozen organ material was submerged in 
70% ethanol, rinsed twice in 0.85% NaCl, shredded with a 
scalpel, and streaked onto Ldwenstein-Jensen PACT agar 
(Oxoid, Cambridge, UK). Bacteria were then cultivated on 
Middlebrook 7H11 agar supplemented with OADC or in 
Middlebrook 7H9 broth supplemented with OADC (Bee- 
ton Dickinson, Franklin Lakes, NJ, USA) without shaking 
at 37°C. 

Investigation of MTBC in Other Chimpanzees 

To investigate the possible presence of MTBC strains 
in other chimpanzees, samples were collected from 28 
chimpanzees, many from the same community, that died 
in the same area within the previous 10 years. DNA was 
extracted from 115 tissue samples (lung, spleen, liver, 
lymph nodes, and small intestines) from these 28 chim- 
panzees by using the QIAGEN DNeasy Blood and Tissue 
Kit (QIAGEN, Hilden, Germany). All tissues were test- 
ed in duplicate by using the primers MTC IAC Fw and 
MTC IAC Rv and MTC Probe as described {14). We per- 
formed the PCR-RFLP of gyrB using the primers MTUB- 
f (5'-TCGGACGCGTATGCGATATC-3') and MTUB-r 
(5'-ACATACAGTTCGGACTTGCG-3') and an annealing 
temperature of 65°C for the PCR. We used the DreamTaq 
DNA Polymerase Kit and Fermentas restriction enzymes 
(Thermo Scientific, Waltham, MA, USA). 

Genome Sequencing of MTBC Isolates 

Mycobacterial DNA was isolated by using the CTAB 
method as described (75). The DNA was used to generate 
libraries for 454 and Illumina sequencing (Illumina, Inc., 
San Diego, CA, USA). For both libraries, the DNA was 
sheared to a size of 400-500 bp by using a Covaris S2 (Co- 
varis, Inc., Woburn, MA, USA). The 454 library was gen- 
erated by using the Rapid Library Kit and sequenced with 


Titanium chemistry on a 454 FLX instrument (Roche, Pen- 
zberg, Germany). The paired-end library for Illumina se- 
quencing was generated by using the TruSeq DNA Sample 
Preparation Kit (Illumina). Cluster generation was done by 
using TruSeq PE Cluster Kit version 2.5 (Illumina) on a c- 
bot. Sequencing was performed on a HiScanSQ instrument 
and TruSeq SBS Kit-HS chemistry (Illumina) to generate 
2 X 100 bases long paired-end reads. 

Mycobacterial strains (as defined in [7,75,77]) were 
cultured from single colonies. Genomic DNA was extracted 
by using a standard kit (QIAGEN) and sequenced with an 
Illumina Genome Analyzer. Sequencing libraries were con- 
structed by using standard kits from Illumina, according to 
the manufacturer’s instructions. Libraries for each strain 
were loaded into a single lane of a flow cell. SYBR green as- 
says were used to test flow cells for optimal cluster density. 

Single-nucleotide Polymorphism Calling 
and Genome Assembly 

Illumina Sequencing Reads 

We used BWA {18) to map Illumina reads from the 
10 genome sequences published in this study (www.ebi. 
ac.uk/ena/data/view/ERP001571) and 24 genomes pub- 
lished previously {18) or available in public databases (on- 
line Technical Appendix Table 1, wwwnc.cdc.gov/EID/ 
article/19/6/12-1012-Techappl.pdf) against the MTBC 
reference genome. The reference genome used was an in- 
ferred common ancestor of all MTBC lineages (79). BWA 
outputs were analyzed with SAMtools {20). We applied 
heuristic filters to remove problematic positions and set 
Phred-scaled probability at 20. SNP lists for individual 
strains were combined in a single, nonredundant dataset, 
and the corresponding base call was recovered for each 
strain. After excluding single-nucleotide polymorphisms 
(SNPs) in genes annotated as PE/PPE, integrase, frans- 
posase, or phage and SNPs that showed an ambiguous base 
call, we kept 12,920 high-confidence variable positions for 
downstream analysis. Lineage 6 strains showed an average 
sequencing depth of between 80 and 204-fold whereas the 
chimpanzee strain was sequenced at 4428-fold coverage. 

454 Sequencing Reads 

A combined mapping and de novo assembly was per- 
formed on the 454 reads obtained during the initial sequenc- 
ing. Mapping of reads to the genome of M. tuberculosis 
strain CCDC5180 resulted in reference coverage of 98.39% 
and a total of 90 contigs. Mapping to the genome of strain 
H37Rv resulted in reference coverage of 98.3% and 87 con- 
tigs. Newbler 2.5 (Roche) and MIRA 3.0.0 (27) were used 
for de novo assembly. The parameters (minimum overlap 
identity and length, seed length, step and count, and align- 
ment difference and identity scores for newbler; minimum 
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overlap identity and length; and elip length and stringeney for 
MIRA) were automatieally optimized for eontig length by 
using a genetie algorithm with the default parameters used as 
starting points, a population size of 10, and 10 generations. 
The best set of parameters resulted in 2,538 contigs with a 
maximum length of 14,183 bp and a mean length of 1,738 
bp. Reassembly of the eontigs obtained from both mappings 
and from the de novo assemblies was performed by using 
Geneious 5.0 (Biomatters Ltd., Auekland, New Zealand) and 
yielded 33 eontigs with a maximum length of 435,720 bp, a 
mean length of 130,500 bp, and a total length of 4,306,842 
bp, eompared with the »4.4 Mbp of the referenee strains. The 
raw reads were mapped against these eontigs to eliminate 
assembly errors. 

A total of 33 eontigs resulting from assembling 454 
reads were aligned respeetive to the MTBC reeonstrueted 
aneestor genome using MAUVE (22). SNP lists obtained 
from Illumina sequeneing were verified with the 454 eontig 
sequences. 

Phylogenetic Analysis 

Phylogenetic analysis was performed on the basis of 
1 3,480 high-confrdence variable positions, specifying M ca- 
nettii as the outgroup (Figure 1). Both coding and noncoding 
SNPs were included. The SNPs were used to infer the phy- 
logenetic relationships between strains by using neighbor- 
joining (Figure 1), maximum-likelihood (ML; online Tech- 
nical Appendix Figure 2), and Bayesian (online Technical 
Appendix Figure 2) methods. Because of the low number 
of homoplasies expected (18), a neighbor-joining tree was 
obtained by using MEGA5 (23), with observed number of 
substitutions as a measure of genetic distance. We used the 
Akaike information criterion as implemented in jModelTest 
version 0. 1 (24) to select the best-fit model of nucleotide sub- 
stitution for the ML and Bayesian analyses. The ML free was 
obtained by using PhyML version 3 (25), assessing branch 
robustness through bootstrapping (1,000 pseudo-rep licates). 
The Bayesian summary tree was obtained by summarizing 
posterior free samples generated along two 1 million genera- 
tion-long Metropolis-coupled Markov chain Monte Carlo 
runs of 4 chains, which were performed in MrBayes version 
3.1 (26). Convergence of the chains was assessed visually in 
Tracer version 1.5 (http://free.bio.ed.ac.uk/software/fracer), 
and all parameters were checked to have an effective sample 
size of >100 in the combined run. Branch robustness was as- 
sessed through their posterior probabilities (i.e., the propor- 
tion of frees in the posterior sample in which the considered 
branches appeared). 

Spollgotyplng, Deletion, and Principal 
Component Analyses 

Spoligotyping was performed as described and com- 
pared with data published in SITVITWEB (27). Deleted 
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Figure 1. Neighbor-joining phyiogenic tree constructed on the basis 
of 13,480 variabie common nucieotide positions across 36 human 
and animai Mycobacterium tuberculosis compiex (MTBC) genome 
sequences, inciuding 21 previousiy pubiished genomes {18) and 
the MTBC strain isoiated from an aduit femaie chimpanzee that 
was found dead in Tai Nationai Park, Cote d’ivoire, on August 5, 
2009 (Chimpanzee Baciiius). The tree is rooted with M. canettii, 
the ciosest known outgroup. Node support after 1,000 bootstrap 
repiications is indicated. Genomic deietions identified in (7) are 
indicated. The number of singie-nucieotide poiymorphisms (SNPs) 
exciusive of the chimpanzee strain is indicated in the respective 
branch, and the number of SNPs shared with the most cioseiy 
reiated group of strains is indicated in the common branch. Scaie 
bar indicates number of SNPs. This tree is congruent with the 
maximum-iikeiihood phytogeny shown in Technicai Appendix Figure 
2 (wwwnc.cdc.gov/EID/articie/1 9/6/1 2-1 01 2-Techapp1.pdf). 


regions in the chimpanzee genome with respect to H37Rv 
genome were inferred as regions showing a mean coverage 
of <50 (1% mean coverage of the genome) by using awk 
scripts. Principal component analysis was conducted by 
using BioNumerics 6.6 (www.applied-maths.com/bionu- 
merics) with the 13,480 high-confidence variable positions 
used for the phytogeny. The first 3 principal components 
accounted for 28%, 15%, and 8% of the variability and 
were used to generate a 3 -dimensional scatter plot (online 
Technical Appendix Figure 4). 
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Figure 2. Histopathologic exam- 
ination of tissue samples from 
adult female chimpanzee that 
was found dead in Tai National 
Park, Cote d’Ivoire, on August 
5, 2009. A) Hematoxylin and 
eosin (H&E) stain of the spleen 
shows focal granulomatous 
inflammation with central 
accumulation of multinucleated 
Langhans giant cells (stars). B, 
C) H&E stain of the liver shows 
focal granulomatous inflammation 
within liver parenchyma (B, 
arrows) and large granulomatous 
alteration demar-cated by fibrous 
connective tissue infiltrated by 
Langhans giant cells (C). D) 
Ziehl-Neelsen stain of the liver 
shows aggregates of acid-fast 
bacilli within a large granuloma. 
Results were consistent with 
Mycobacterium tuberculosis 
complex infection. 


Results 

Necropsy of a wild chimpanzee found dead in Tai 
National Park, Cote d’Ivoire revealed a large, yellow- 
white granuloma of 5 x 6 x 3 cm in the liver and several 
smaller ones in the spleen parenchyma and the mesente- 
rial lymph nodes. All other organs appeared unaffected; 
the lungs could not be evaluated in full because the leop- 
ard had consumed most of the tissue. 16S rDNA testing of 
the frozen tissue samples from the dead wild chimpanzee 
indicated the presence of a Mycobacterium sp. in vari- 
ous tissues. PCR-restriction fragment length polymor- 
phism analysis confirmed MTBC in DNA preparations 
from spleen and mesenterial lymph nodes {28). MTBC 
was also confirmed by real-time PCR (29) in lung, spleen, 
liver, and colon abscesses. 

Histopathologic examination of the liver, spleen, and 
lymph nodes revealed a chronic granulomatous inflam- 
mation within the altered tissues (Figure 2, panels A-C). 
Multiple unencapsulated granulomas of varying sizes were 
observed in the spleen (Figure 2, panel A) and liver (Fig- 
ure 2, panel B). These lesions were composed of epithe- 
loid macrophages, few granulocytes, and multinucleated 
Langhans giant cells. Larger tuberculoid lesions in the 
liver and the lymph nodes contained a prominent central 
necrotic core surrounded by epitheloid cells and a few scat- 
tered Langhans giant cells. The periphery of the granulo- 
mas was demarcated by variable amounts of fibrous con- 
nective tissue and infiltrates of lymphocytes interspersed 
with few Langhans giant cells (Figure 2, panel C). Both 


intra- and extracellular acid-fast bacilli were present in the 
lesions (Figure 2, panel D). Taken together, these lesions 
were characteristic of TB and indicative of hematogenous 
spread and generalization of the disease. 

After 23 days’ incubation, the lymph node prepara- 
tions yielded typical mycobacterial colonies. The isolated 
MTBC strain exhibited a slow growth on Middlebrook 
7H11 agar and yielded colonies after 43 days, compared 
with 27 days for M. tuberculosis. The rough surface of the 
colonies and the irregular spreading margins were typical 
features of MTBC (online Technical Appendix Figure 1). 

Whole-genome sequencing was conducted by using 
the 454 and Illumina platforms (online Technical Appen- 
dix Table 1). Phylogenetic reconstruction using previously 
published MTBC genomes representative of the MTBC’s 
global diversity {18) confirmed that the chimpanzee strain 
belonged to MTBC but not to any of the known phylogenet- 
ic lineages (Figure 1). Specifically, the chimpanzee strain 
grouped with strains from the human-associated lineage 6, 
sharing 32 SNPs with this lineage, but was separate from 
the lineage leading to most of the animal-adapted MTBC. 
To further test whether the chimpanzee strain represented 
a new lineage rather than a variant within lineage 6, we se- 
quenced the genome of 9 lineage 6 clinical strains from TB 
patients originating from different West-African countries 
(online Technical Appendix Table 1). Our phylogenomic 
analysis revealed that the chimpanzee strain harboured 
88 1 exclusive SNPs, not found anywhere else in the global 
MTBC phylogeny, even when including these additional 
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■ ■■□□□□□□□□□□□□□□□□□□□□□□□□□□□□■■■■■■■□■□□■ Chimpanzee Bacillus 

■ ■■■■■□□□■■■■■■■■■■■■■■■■■■■■■■■■■■■■■□■■■a Afri 1 
BBBBBBDBDBBBBBDDBBBDDDDDDDDDDDDDDDaBBBDBBBB Dassie Bacillus 
BBDBBBDBDBBDDDDDDDDDDDDDDDDDDDDDDDDDBBDBBBB M.mungi 

BBDBBBBBDBBBBBBDBBBBBBBBBBBBBBBBBBBBBBDDDDD BCG 

BBBBBBBBBBBBBBBBBBBnnBBBBBBBBBBBnanDBBBBBBB H37Rv 

Figure 3. Comparison of the spoiigotype of the Mycobacterium tuberculosis compiex chimpanzee strain isoiated from an aduit femaie 
chimpanzee that was found dead in Tai Nationai Park, Cote d’ivoire, on August 5, 2009 (Chimpanzee Baciiius), with the Afri 1 spoiigotype 
found in the most cioseiy reiated human strain and the Dassie Baciiius and M. mung/ spoiigotypes described in (12). Spoiigotypes are aiso 
shown for M. bovis strain BCG and human iineage 4 strain H37Rv. 


lineage 6 strains. Moreover, the maximum number of SNPs 
between the 2 most divergent lineage 6 strains was only 
about half (783 SNPs) of the minimum number of differ- 
enees between the ehimpanzee strain and the most elosely 
related lineage 6 strain (1,405 SNPs). When all MTBC 
lineages were considered, pairwise SNP distances among 
any 2 strains belonging to a particular lineage were always 
markedly lower than the minimum number of differences 
between the chimpanzee strain and the most closely related 
lineage 6 strain (online Technical Appendix Figure 3). 

To investigate the distinctiveness of the chimpanzee 
strain we isolated, we used a principal component analy- 
sis as an additional clustering method. The first 3 principal 
components were used to generate a 3 -dimensional scatter 
plot (online Technical Appendix Figure 4). This analysis 
confirmed that the chimpanzee strain did not group with 
lineage 6. Taken together, these results strongly suggest 
that the chimpanzee strain belongs to a distinct MTBC 
population, separate from the human-associated lineage 6. 

To further confirm the uniqueness of the chimpanzee 
strain, we compared the chimpanzee spoiigotype (Figure 3) 
with 2 large international databases that encompass >8,702 
spoligotyping profiles corresponding to >58,187 MTBC 
isolates from global sources [55]; www.mbovis.org). We 
found that none of the spoligotyping patterns included in 
these databases (including 64 spoligotyping profiles from 
Cote d’Ivoire) matched the pattern of the chimpanzee strain 
(30) (Figure 3). 

Large-sequence polymorphisms have been used as 
phylogenetic markers for MTBC (4,7,8). We found that the 
region of difference (RD) 9 was absent in the chimpanzee 
strain (4) (Figure 1). In addition, this strain harbored dele- 
tions in RD7, RD8, and RDIO, which supports its phylo- 
genetic relationship with lineage 6 (online Technical Ap- 
pendix Table 2 and Figure 2). However, the chimpanzee 
strain harbored only 1 of 14 lineage 6-specific deletions 
and did not contain the lineage 6-specific region RD900 
(online Technical Appendix Table 3) (29,31). Hence, 
this deletion-based analysis also supports a related, yet 


separate, phylogenetic position of the chimpanzee strain 
relative to lineage 6. 

To investigate the possible presence of MTBC in other 
chimpanzees, 115 tissue samples from 28 chimpanzees that 
died in the same area (many from the same community) 
within the previous 10 years were tested by real-time PCR 
(14). However, no test results were positive. Consistent with 
the molecular analyses, necropsies and pathological evalu- 
ation of these animals revealed no signs suggestive of TB. 

Discussion 

Chimpanzees are known to be susceptible to TB, and 
MTBC strains have been reported previously in captive 
chimpanzees (32,33). These 2 studies concluded that the 
infecting strains belonged to M africanum and M. tubercu- 
losis, respectively. Direct comparison of those isolates was 
not possible because of the limitations of typing techniques 
at that time. However, close contact with humans (i.e., the 
persons caring for these animals) suggests those captive 
chimpanzees were infected with human strains, as reported 
for other captive nonhuman primates. 

By contrast, several lines of evidence support the view 
that the chimpanzee strain we report was not acquired from 
humans. First, its position on the MTBC phylogeny strong- 
ly suggests it belongs to a novel lineage. This notion is 
sustained by the fact that the minimum genetic distance be- 
tween the chimpanzee strain and any of the nearest human 
strains (i.e., lineage 6) was larger than the corresponding 
distance between any 2 strains from the same lineage. Sec- 
ond, our PCA analysis showed that the chimpanzee strains 
did not group with lineage 6. Third, spoligotyping revealed 
a novel pattern among 58,187 clinical isolates from 102 
countries, including Cote d’Ivoire. Fourth, genome dele- 
tion analyses corroborated the distinct phylogenetic posi- 
tion of the chimpanzee strain compared with known MTBC 
lineages. Fifth, researchers and their assistants who are in 
proximity of the chimpanzees at Taf National Forest are 
regularly screened for TB, but none has ever had a positive 
test result. 
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Two other animal-associated members of MTBC are 
known to cluster with lineage 6 rather than with the clas- 
sical animal-adapted lineages: M. mungi and the Dassie 
Bacillus, which infect African mongooses and hyraxes, 
respectively (11,12). Whole genome analyses are not avail- 
able for these organisms, but genomic deletion data have 
been reported (34). The chimpanzee strain we isolated did 
not harbor any of the specific deletions found in M mungi 
or Dassie Bacillus (online Technical Appendix Table 2) 
(34). Moreover, spoligotyping confirmed that the chimpan- 
zee strain was distinct from M. mungii and Dassie Bacillus 
and from any other MTBC strain genotyped to date (30). 
However, 1 of the 32 SNPs shared between the chimpanzee 
genome and the lineage 6 strains also occurred inM mungii 
or Dassie Bacillus. On the basis of this 1 SNP in Rvl510, 
which has been reported before (5), one could hypothesize 
that the chimpanzee strain and M. mungii and Dassie Bacil- 
lus might be related. However, genome -wide data will be 
necessary to define the exact phylogenetic position of M. 
mungii and Dassie Bacillus, and their relationship with the 
chimpanzee strain, in the global MTBC tree. 

Even though chimpanzees maintain close social con- 
tacts with other members of their group, extensive nec- 
ropsies and molecular screening of 28 chimpanzees from 
the same region yielded no additional case of TB infec- 
tion, which suggests TB is rare in this chimpanzee popula- 
tion. This low prevalence could have several explanations. 
While we can likely disregard a human origin of the chim- 
panzee strain described here, we cannot exclude the pos- 
sibility that this strain was acquired from another uniden- 
tified animal host, including other primates; chimpanzees 
are known to hunt other animals, including monkeys and 
small antelopes. The chimpanzee strain we isolated shared 
>1 SNP with M. mungi and the Dassie Bacillus, which are 
pathogens of 2 other small African mammals. On a more 
speculative note, and if it is assumed that the MTBC strain 
described is indeed chimpanzee-specific, this MTBC vari- 
ant might be relatively attenuated and only marginally af- 
fect a chimpanzee’s health and longevity. This would en- 
able sustained transmission and persistence of the pathogen 
in small host populations (55). 

Although more work is needed to establish the preva- 
lence, diversity, and clinical outcome of MTBC infection 
in wild chimpanzees and other great apes, from a conser- 
vation point of view, MTBC may join Ebola virus. Bacil- 
lus cereus biovar anthracis, and simian immunodeficiency 
viruses as a microorganism capable of threatening great 
apes in the wild (36). Our results suggest the effect of this 
MTBC strain on chimpanzee populations might be limited, 
but small outbreaks or single deaths can have a strong in- 
fluence on the viability of isolated populations, particularly 
in great apes, which exhibit a slow reproductive rate and a 
high juvenile mortality rate (57). 


Our study also sheds new light on the overall diversity 
of MTBC with implications for understanding the evolution 
of this pathogen. Together with other recent reports (11,12), 
our work suggests wider MTBC diversity, particularly 
among African mammals. Moreover, these data indicate 
that the theory that MTBC originally evolved as a human 
pathogen and jumped into animals is overly simplistic and 
may apply mainly to domestic animals. These data indicate 1 
possible model could be that the common ancestor of MTBC 
was a generalist capable of infecting many mammals, in- 
cluding humans. From here, only few descendants spread 
around the world through human and animal migrations, 
creating the human-dominated phylogenetic picture we see 
today. We may well expect to find a much higher diversity 
of this MTBC, extending well outside the human-associ- 
ated MTBC strains that infect various species, represented 
mainly through wildlife, including our closest relatives, the 
great apes. M canettii and the other smooth TB bacilli show 
a high genetic diversity and are largely limited to the Horn 
of Africa, although whether these bacilli should be formally 
considered part of MTBC is controversial (5). Hence, they 
have been proposed to be part of the mycobacterial popula- 
tion that gave rise to the classical members of MTBC. To- 
gether with the apparent lack of human-to-human transmis- 
sion ofM canettii (3S), this suggestion would be consistent 
with a wider host range and/or environmental reservoir for 
the original ancestor of MTBC. 

In conclusion, we report a microbiologically con- 
firmed case of TB in a wild chimpanzee. Our molecular 
data show that the chimpanzee strain described here be- 
longs to a novel lineage, more closely related to human- 
associated lineage 6 than to the other classical animal 
MTBC and possibly related to M. mungii and the Dassie 
Bacillus. This strain could represent a chimpanzee-specif- 
ic pathogen or an MTBC variant acquired from another 
source. Because of our limited understanding of the ecol- 
ogy of this microbe, we propose at this stage to name it 
“Chimpanzee Bacillus” rather than to develop a dedicated 
species or subspecies name. Further studies are warrant- 
ed, not only to better understand the natural history of TB 
in great apes and the biology of the Chimpanzee Bacil- 
lus, but also to estimate a possible risk for transmission 
of new types of MTBC to humans (e.g., through hunt- 
ing and consumption of bushmeat). Moreover, further 
characterization of MTBC diversity will be crucial for 
understanding the origins of TB and the potential for the 
emergence of new strains through proximity between 
humans and wildlife. 
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We performed a case-controlled investigation to iden- 
tify risk factors for norovirus infections among children in 
Vietnam. Of samples from 1,419 children who had diar- 
rhea and 609 who were asymptomatic, 20.6% and 2.8%, 
respectively, were norovirus positive. Risk factors included 
residential crowding and symptomatic contacts, indicating 
person-to-person transmission of norovirus. 

N oroviras (NoV) is a leading cause of acute gastroenteri- 
tis in children <5 years of age (7). The epidemiology of 
NoV in industrialized countries has been intensively inves- 
tigated, yet the contribution of this pathogen to the effects 
of diarrheal disease in low- and middle-income countries 
is not well characterized (7,2). Gaining insight into the epi- 
demiology of NoV infections of children in such countries 
is essential for disease control, particularly considering that 
several vaccine candidates are in advanced-stage clinical tri- 
als (i). To address the lack of data on risk factors for endem- 
ic NoV infections in low-income countries, we conducted a 
prospective case-control study among hospitalized children 
in a major urban location in southern Vietnam. 


Author affiliations: Oxford University Clinical Research Unit, Ho Chi 
Minh City, Vietnam (PV. Tra My, C. Thompson, N.V.M. Hoang, RV. 
Minh, N.T Vinh, C.T Thuy, TTT Nga, J. Campbell, J. Farrar, S. 
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Chi Minh City (H. Vinh, N.T. Chinh); and The London School of Hy- 
giene and Tropical Medicine, London, UK (S. Baker) 

DOI: http://dx.doi.org/10.3201/eid1906.111862 


The Study 

This study was conducted in 3 hospitals (Children’s 
Hospital 1, Children’s Hospital 2, and the Hospital for 
Tropical Diseases) in Ho Chi Minh City, Vietnam, dur- 
ing May 2009-December 2010. Written informed consent 
from a parent or legal guardian was mandatory for partici- 
pation. Children <5 years of age who resided in Ho Chi 
Minh City, who had acute diarrhea on admission (>3 loose 
stools or >1 bloody loose stool within a 24-hour period), 
and were given no antimicrobial drug treatment 3 days be- 
fore hospitalization, were invited to participate during May 
2009-April 2010. To collect control data, during March- 
December 2010, we enrolled children who were attending 
outpatient and inpatient clinics in the nutrition or gastroen- 
terology departments for routine health checks or condi- 
tions unrelated to gastroenteritis. Children in this control 
group met the same demographic criteria, did not have di- 
arrhea, and had not received antimicrobial drugs during the 
preceding 3 weeks. 

Stool specimens were collected from case-patients on 
the day of admission (n = 1,419) and from control partici- 
pants while they were attending the clinic (n = 609). All 
stool samples were cultured by using classic microbiologic 
methods to detect Shigella, Salmonella, Campylobacter, 
and Yersinia spp. and were microscopically examined for 
Entamoeba, Cryptosporidium, and Giardia spp. Methods 
are described in the online Technical Appendix (wwwnc. 
cdc .gov/EID/ article/ 1 9/6/ 1 1 - 1 862-T echapp 1 .pdf) . Conven- 
tional reverse transcription PCR was performed on RNA 
extracted from stool samples to detect rotavirus (4) and 
NoV genogroups I (GI) and II (GII) (5), followed by direct 
sequencing of the amplicons for genotyping. 

After rotavirus (46.6%; 661/1,419), NoV was the 
second most common pathogen detected in symptom- 
atic case-patients (20.6%; 293/1,419); diarrheal bacteria 
and parasites were cumulatively found in 14.5% (online 
Technical Appendix Table). The prevalence of NoV was 
higher than in a pooled international estimate (7) and than 
in previous studies performed in Ho Chi Minh City {6- 
S), yet was lower than that found in a study conducted 
in northern Vietnam (9). The frequency of NoV detected 
in control participants was 2.8% (17/609), similar to a 
pooled international estimate (7). The majority of NoV- 
positive case-patients experienced nonbloody, nonmucoid 
watery diarrhea, vomiting, and fever. These symptoms 
were comparable to those in previous studies of diarrheal 
infections in children in Vietnam (7,9). 

NoV was detected throughout the study period (online 
Technical Appendix Figure). There was a positive linear 
correlation between NoV infections and monthly rainfall 
(R = 0.550, p = 0.029), but no similar correlation with tem- 
perature (range 22.1°C-37.8°C) (R = 0.308, p = 0.330). 
This association of NoV infections with the tropical rainy 
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Table 1. Baseline characteristics of NoV-positive and NoV-negative case-patients and control participants, Vietnam, 2009-2010* 




Case-patients 


Controls 

Characteristic 

NoV positive, n = 

241 NoV negative, n = 1,126 

NoV positive, n = 

15 NoV negative, n = 592 

Male sex 

147 (61.0) 

724 (64.3) 

8 (53.3) 

314 (53.0) 

Mean age, mo (range) 

13.3 (2^5) 

15.8 (1-59) 

15.8 (2.3-52) 

16.8 (0-60) 

Age groups, mo 

<6 

24 (10.0) 

165(14.7) 

3 (20.0) 

98 (16.6) 

7-12 

102 (42.3) 

375 (33.3) 

4 (26.7) 

208 (35.1) 

13-18 

76 (31.5) 

245 (21.8) 

3 (20.0) 

113 (19.1) 

19-24 

25 (10.4) 

147 (13.1) 

3 (20.0) 

56 (9.5) 

24-60 

14 (5.8) 

194 (17.2) 

2 (13.4) 

117 (19.8) 

Poor Z scoret 

18 (7.5) 

73 (6.5) 

1 (6.7) 

75(12.7) 

Breastfed 

187 (77.6) 

790 (70.2) 

11 (73.3) 

452 (76.4) 

Daily activity 

Day care/nursery school 

30 (12.5) 

194 (16.4) 

4 (26.7) 

89 (15.2) 

Home 

211 (87.6) 

938 (83.6) 

11 (73.3) 

498 (84.8) 


'Values are no. case (%) unless otherwise specified. Case-patients indicate patients who had diarrhea; controls indicate asymptomatic (diarrhea-free) 
children. Study dates span May 2009-December 2010. NoV, norovirus; WHO, World Health Organization. 

fWeight-for-age Z score calculated based on WHO Child Growth Standards guidelines (www.who.int/chiidgrowth/standards/technicai_report/en/); Z score 
below -2 was considered to indicate that a chiid was malnourished. 


season may reflect differential transmission between differ- 
ent climatic regions because NoV infections are typically 
associated with the winter season in industrialized coun- 
tries in temperate regions { 10 ). 

GII NoV was detected in 239 (99.1%) of 241 and 11 
(73.3%) of 15 NoV-positive stool samples from the symp- 
tomatic and asymptomatic enrollees, respectively. The re- 
maining children were infected with NoV GI (GI.3, GI.4, 
GI.5); 1 enrolled case-patient was infected with 2 geno- 
types: NoV GI.3 and GII.4. Of the GII strains, GII.4 was 
the most prevalent genotype, comprising 201 (84.1%) of 
the 239 samples. The next most prevalent was GII. 3: 24 
(10.0%) were identified in the symptomatic and asymp- 
tomatic groups. Other GII genotypes (GII.2, GII. 6, GII. 7, 
GII.9, GII.12, and GILD) were found in <3% of NoV- 
positive samples. 

Socioeconomic and behavioral data were obtained 
from all enrollees by using a questionnaire and analyzed by 
using Stata Version v9.2 (StataCorp LP, www.stata.com) 
(Table 1). We used and Fisher exact tests to compare 
proportions between groups and Mann- Whitney U tests for 
nonparametric data. Univariate analyses were performed 
to assess factors associated with symptomatic NoV infec- 
tions. Factors found to be significantly associated with 
infection in the univariate analysis, in addition to a-priori 
factors of age, sex, and income level, were then included in 
a multivariate logistic regression model to simultaneously 
control for confounding effects. Two-sided p values <0.05 
were considered significant throughout (Table 2). 

NoV infections are commonly associated with out- 
breaks in enclosed environments (2), yet we found at- 
tendance in daycare centers and nursery schools was not 
common; the majority of children remained at home dur- 
ing the day. However, several factors were significantly 
and independently associated with symptomatic NoV 
infections. Demographic risk factors included younger 


age (in months) (adjusted odds ratio [aOR] 0.96, 95% Cl 
0.94-0.98, p<0.001) and household crowding (>3 children 
in the house) (aOR 1.70, 95% Cl 1. 0-2.9, p = 0.052). Liv- 
ing in a household where food was regularly purchased 
from outdoor markets added a significant risk (aOR 4.99, 
95% Cl 3. 1-7.9, p<0.001). Unpredictably, we found that 
consuming bottled water, rather than pipeline water (aOR 
2.18, 95% Cl 1.4-3. 4, p< 0.001), was a risk factor and 
did not correlate with household income. However, those 
drinking municipal water also reported boiling or Altering 
water before consumption, and those drinking bottled wa- 
ter did not. This association suggests that bottled water in 
this location may be of poor quality. A further unexpected 
finding was the protective nature of outdoor toilets (aOR 
0.22, 95% Cl 0. 1-0.4, p<0.001), which may be a result 
of the sterilizing capabilities of sunlight or of containing 
fecal contamination outside the residence, possibly pro- 
tecting children during the period of infancy before they 
can use toilets. We found that the greatest risk factor for 
symptomatic NoV infections (aOR 26.14, 95% Cl 10.4- 
65.9, p<0.001) was contact with a person who recently 
had a diarrheal infection. This finding is consistent with 
previous investigations showing that person-to-person 
transmission is predominant during sporadic outbreaks 
( 11 - 14 ). 

This study has several limitations. First, passive case 
detection limits generalizability because health care-seeking 
behavior may depend on disease severity and income in this 
setting. Second, the control participants may not be entirely 
representative of the population from which the case -patients 
arose because a large proportion of the control participants 
were visiting the hospital for nutritional advice, which may 
have an effect on diarrheal disease risk (75). Yet, a limited 
sensitivity analysis comparing NoV-positive case-patients to 
NoV-negative control participants and NoV-negative case- 
patients to NoV-negative control participants demonstrated 
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Table 2. Univariate and multivariate analysis of risk factors for symptomatic NoV infections, Vietnam, 2009-2010* 


Risk factor 

NoV-positive 

case-patients 

NoV-negative control 
participants 

OR 

95% Cl 

aOR 

95%CI 

Mean age, mo (range) 

13.3 (2-45) 

16.8 (0-60) 

0.97 

0.96-0.99 

0.96 

0.94-0.98 

Male sex (%) 

147 (61.0) 

314 (53.0) 

1.38 

1.0-1 .9 

1.38 

0.9-2. 0 

Poor Z-score 

18 (7.5) 

75(12.7) 

0.56 

0.3-0.9 

0.61 

0.3-1. 1 

Low incomef 

150 (62.2) 

335 (56.6) 

1.26 

0.9-1. 7 

0.89 

0.6-1. 3 

>5 adults in hh 

72 (29.9) 

158 (26.7) 

1.17 

0.8-1 .6 

Nl 

Nl 

>3 children in hh 

36 (14.9) 

58 (9.8) 

1.62 

1. 0-2.5 

1.70 

1. 0-2.9 

Refrigerator in hh 

187 (77.6) 

506 (85.5) 

0.59 

0.4-0.9 

0.73 

0.5-1. 2 

Consumes market food 

201 (84.1) 

345 (58.4) 

3.77 

2.6-5.5 

4.99 

3.1-7.9 

Household water source 
Pipeline^ 

132 (54.8) 

347 (58.6) 

1.00 

NA 

Nl 

Nl 

Well 

96 (39.8) 

220 (37.2) 

1.15 

0.8-1 .6 

Nl 

Nl 

Other§ 

13 (5.4) 

25 (4.2) 

1.37 

0.7-2.8 

Nl 

Nl 

Drinking water source 

Nl 

Nl 

Nl 

Nl 

Nl 

Nl 

Pipeline^ 

116 (48.1) 

334 (56.4) 

1.00 

NA 

1.00 

NA 

Bottled water 

69 (28.6) 

122 (20.6) 

1.63 

1. 1-2.3 

2.18 

1. 4-3.4 

Well 

42 (17.4) 

109 (18.4) 

1.11 

0.7-1. 7 

0.94 

0.6-1. 5 

Other§ 

14 (5.8) 

1.49 

0.8-2. 9 

0.25 

1.45 

0.6-3.2 

Toilet type 
IndoorJ 

213 (90.6) 

446 (75.9) 

1.00 

NA 

1.00 

NA 

Outdoor 

22 (9.4) 

142 (24.2) 

0.32 

0.2-0.5 

0.22 

0.1-0.4 

Hand washing^I 

130 (85.0) 

291 (89.5) 

0.66 

0.4-1 .2 

Nl 

Nl 

Attends day care/nursery school 

30 (12.5) 

89 (15.2) 

0.80 

0.5-1 .2 

Nl 

Nl 

Contact with symptomatic persons 

38 (16.5) 

8 (1.4) 

14.23 

6.5-31.0 

26.14 

10.4-65.9 

Rural residence# 

36 (14.9) 

75(12.7) 

1.21 

0.8-1 .9 

Nl 

Nl 

*Values are no. case (%) unless otherwise specified. Values in boldface indicate statistical significance at p<0.05. NoV, norovirus; OR, odds ratio; aOR, 

adjusted OR; NA, not applicable; Nl, not included in multivariable analysis; hh, household. 

tClassified as making less than the Gross National Income ($232/mo) according to World Bank (http://data.worldbank.org/indicator/NY.GNP.PCAP.CD). 

^Reference group. 

§Rain water, water from a truck provided by the government, or other water source. 
^jWashing of children’s hands, either by an adult or the child, after the child uses the toilet. 
#Binh Chanh, Can Gio, Cu Chi, Hoc Mon, and Nha Be districts. 






several differenees in risk faetors, suggesting that the identi- 
fied risk faetors are associated with NoV rather than health 
care-seeking behavior (online Technical Appendix Table). 

Conclusions 

This epidemiologic investigation showed that 20.6% 
of hospitalized children with acute diarrhea in Ho Chi Minh 
City tested positive for NoV, compared with 2.8% of diar- 
rhea-free control participants. We conclude that young age, 
residential crowding, use of bottled water, and recent con- 
tact with a symptomatic individual are key risk factors for 
symptomatic NoV infection in this location. Because most 
children did not attend day care, potential preventative 
measures for NoV infection in Ho Chi Minh City should be 
focused on improving local hygiene standards to prevent 
person-to-person transmission within the home. 
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A case of human melioidosis caused by a novel se- 
quence type of Burkholderia pseudomallei occurred in a 
child in Malawi, southern Africa. A literature review showed 
that human cases reported from the continent have been 
increasing. 

M elioidosis is widely distributed in tropieal and sub- 
tropieal regions, but data are laeking on this disease 
in sub-Saharan Afriea. We report a ease of melioidosis 
eaused by a novel sequenee type in a 16-month-old boy 
from rural Malawi. Inereasing reports of melioidosis from 
Afriea indieate a need for further investigation. 

Case Report 

A 16-month-old boy was seen at Queen Elizabeth Cen- 
tral Hospital (QECH), Blantyre, Malawi, in Mareh 2011 
with fever of 18 days’ duration, poor feeding, subeutaneous 
lesions of 15 days’ duration, and edema of the hands and 
feet. He had reeeived intravenous (IV) benzylpenieillin and 
gentamiein for 4 days at a loeal health eenter before being 
referred for persistent fever. 

The family lived in a remote village in the Shire Val- 
ley near the Malawi-Mozambique border at a latitude of 
-15°S; daytime temperature average was 27°-29°C, and 
natural flooding oeeurs from Oetober through April. The 
boy’s parents were subsistenee maize farmers and kept 
goats and pigs. 

On arrival at QECH, the ehild was irritable and pale; 
temperature was 38.7°C, weight 9.8 kg (weight- for-age 
z seore -1.14), and height 79 em (weight- for-height z 
seore -1.06). He had bilateral daetylitis with arthritis of 

Author affiliations: Queen Elizabeth Central Hospital, Blantyre, 
Malawi (T. Katangwe, N. Bar-Zeev, N. Kennedy, C.A. Moxon); 
University of Malawi College of Medicine, Blantyre (J. Purcell, N. 
Bar-Zeev, B. Denis, J. Montgomery, M. Alaerts, R.S. Heyderman, 
N. Feasey, C.A. Moxon); Liverpool School of Tropical Medicine, Liv- 
erpool, UK (R.S. Heyderman, J. Montgomery, C.A. Moxon); Univer- 
sity of Liverpool, Liverpool (N. Bar-Zeev, N. Feasey, C.A.Moxon); 
Mahosot Hospital, Vientiane, Lao People’s Democratic Republic 
(D.A.B. Dance); University of Oxford, Oxford, UK (D.A.B. Dance); 
and Wellcome Trust Sanger Institute, Cambridge, UK (N. Feasey) 

DOI; http;//dx.doi.org/10.3201/eid1906.120717 


the metacarpophalangeal and interphalangeal joints of the 
lateral 3 Angers. Numerous rubbery, tender subcutaneous 
nodules of ~2 cm diameter were palpable on the face, tho- 
rax, and limbs. Overlying hyperpigmentation and weepy 
ulcerations occurred over some nodules. There was cervi- 
cal and inguinal lymphadenopathy but no hepatospleno- 
megaly. Symmetric bipedal pitting edema extended to the 
knees. Neurologic, cardiovascular, and respiratory exami- 
nations revealed no abnormalities. 

Laboratory results were as follows: blood glucose 7.8 
mmoEL (reference 3. 5-7. 7 mmoEL), hemoglobin 4.6 g/dL 
(reference 9.7-15.1 g/dL), leukocyte count 31.9 x lOVpL 
(reference 3.9-10.7 x lOVpL), and erythrocyte sedimen- 
tation rate 95 mm/h (reference 3-13 mm/h). Blood smear 
showed poikilocytes with some tear drops and reticulocytes 
and was negative for malaria parasites. HIV test (Unigold; 
Trinity Biotech, Bray, Ireland) and VDRL (Venereal Dis- 
ease Research Laboratory) test for syphilis were negative. 
Radiographs of the hand showed bilateral osteolytic reac- 
tions in the lateral 3 Angers. Chest radiograph and abdomi- 
nal ultrasound indicated no abnormalities. 

Culture (BacT/Alert PF; bioMerieux, Marcy I’Etoile, 
France) of blood taken on admission and aspirate of pus 
from a subcutaneous nodule grew white, oxidase-positive 
colonies of gram-negative rods, and the biochemical profile 
(API 20NE; bioMerieux) strongly suggested Burkholderia 
pseudomallei (1556575: B. pseudomallei [98.3% identi- 
ty]). The API profile from the pus isolate (1 156154) initial- 
ly suggested Chromobacterium violaceum, a recognized 
misidentification of B. pseudomallei, by API profiling (7). 
Antimicrobial susceptibility by disk diffusion indicated re- 
sistance to gentamicin and susceptibility to co-amoxiclav; 
colistin disk testing was unavailable. Because B. pseudom- 
allei has not been reported from Malawi, we sought to con- 
firm the isolate by real-time PCR, targeting the highly spe- 
cific type III secretion system (2). DNA was extracted by 
using a Wizard Genomic Purification kit (Promega, Madi- 
son, WI, USA), and real-time PCR was performed on an 
Applied Biosystems 7900HT (Applied Biosystems, Foster 
City, CA, USA) by using a technique modified for SYBR 
green detection (2). This PCR confirmed the identity of the 
organism as B. pseudomallei. Whole-genome sequencing 
(WGS) was performed by using the MiSeq Personal Se- 
quencer (Illumina, San Diego, CA, USA), which enabled 
multilocus sequence typing (MLST) (5) and revealed a 
novel allelic combination (1,3, 3, 1,5, 1,1). This sequence 
type (ST) has been submitted to the MLST database (http:// 
bpseudomallei.mlst.net/) and has been assigned MLST 
ST1008, part of clonal complex 1. 

The boy was given chloramphenicol for empiric treat- 
ment of systemic bacterial infection before the isolate was 
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DISPATCHES 


Table 1. Melioidosis in animals, Africa 


Year 

(reference) 

Country 

Animal 

Clinical characteristics 

Method of identification 

1936 (6) 

Madagascar 

Pig 

Lymphadenopathy 

Passaged through guinea pig (tissue from 
submaxillary gland) 

1960 (7) 

Chad 

Goat 

Lymphadenopathy 

Isolated from mesenteric ganglia 

1960 (8) 

Africa* 

Camel 

Retropharyngeal abscess 

Inoculation and sacrifice of guinea pig 

1972 (8) 

Niger, Burkina 
Faso 

Pigs (>100 cases) 

Abscesses in liver, spleen, and lung 
in apparently healthy pigs 

Not described 

1995 (9) 

South Africa 

Goat 

Mammary gland and renal abscesses 

Biochemical and phenotypic 
characteristics 

*Specific country of acquisition was not detailed. 




identified. In light of the anthropometrie values, anorex- 
ia, fecal morphology, and symmetric pedal edema, acute 
kwashiorkor was diagnosed, and nutritional rehabilitation 
was begun. Pedal edema and anorexia improved after 48 
hours. At 96 hours, B. pseudomallei infection was diag- 
nosed, and treatment was changed to IV ceftazidime. Fever 
abated by day 7, and after 30 days of IV ceftazidime, the 
nodules had involuted and the dactylitis and arthritis had 
resolved. At the family’s request, the child was discharged 
on a 6-month regimen of cotrimoxazole, rather than the 
planned 6-week IV regimen for osteomyelitis. 

Four weeks after discharge, the child remained well 
with no fevers and no new lesions; clinical anemia had re- 
solved, and repeat radiographs showed that the hands were 
within normal limits. He was then lost to follow-up. 


Conclusions 

Melioidosis is acquired through the skin or possibly by 
inhalating the environmental organism B. pseudomallei. It 
causes a wide spectrum of clinical disease-from localized 
skin infection to severe acute septicemia-but progresses to 
disease in only a small proportion of exposed persons {4). 
B. pseudomallei is endemic in Southeast Asia and Northern 
Australia and typically is distributed from latitude 20°N to 
latitude 20°S, particularly in association with wet soil (4). 

Sporadic cases have been documented in all inhab- 
ited continents, but a lack of diagnostic microbiological 
facilities and systematic studies in many low-income re- 
gions limit knowledge of the true distribution of the dis- 
ease (5), a particular problem in rural sub-Saharan Africa. 
Although the relationship between human and animal 


Table 2. Melioidosis in humans, Africa* 

Year Country where Details of 

(reference) acquired infected 

(diagnosed) persons 

Diagnostic method 
Clinical characteristics (source of isolation) 

Definitive 
treatment 
(duration, wk) 

Outcome 


1982 ( 10 ) 
1985(11) 
2004(12) 

Kenya (Denmark) 

Sierra Leone 
(Gambia) 

Mauritius 

(Mauritius) 

Adult 

Child 

Adult with SLE 

Sepsis 

Cutaneous 
abscesses, 
osteomyelitis 
Sepsis, cellulitis 

Culture (blood, urine, 
sputum) 

Culture; indirect 
hemagglutination (pus) 

Culture; API 20NE 
(blood) 

OTC (4); 
cotrimoxazole 
TMP-SXT (8) 
CHL, TET 

None 

Complete 

recovery 

Improved; 

lost to 
follow-up 
Died (d 9) 

2004(13) 

Madagascar 
(La Reunion) 

Adult smoker. 

alcoholic 
Adult with CPI 

Adult with SLE 

Sepsis, respiratory 
distress 
Septicemia 

Septicemia 

Culture (blood, BAL 
fluid) 

Culture (blood, BAL 
fluid) 

Culture (blood, BAL 
fluid) 

CAZ 

CAZ; 

cotrimoxazole (20) 
CAZ; 

cotrimoxazole (20) 

Complete 

recovery 

Not 

described 

Not 

described 

2006(14) 

Madagascar 
(La Reunion) 

Adult smoker 

Pneumonia 

Culture; API 20NE; 
PCR (BAL fluid); 

IPM (2); 

cotrimoxazole (20) 

Resolution 
at 3 mo 

2010(15) 

Africaf (France) 

Adult 

Mycotic aneurysm 

Culture (blood, arterial 
tissue) 

IPM + CIP (5); 
cotrimoxazole (20) 

Resolution 
at 6 mo 

2011 (16) 

Gambia (Spain) 

Adult with 
diabetes 
mellitus 

Pyomyositis, 

pneumonia 

Culture; PCR (pus, 
sputum) 

CAZ + 

cotrimoxazole (5); 
DOX + 

cotrimoxazole (20) 

Complete 

recovery 

2011 (17) 

Nigeria (UK) 

Adult with 
diabetes 
mellitus 

Localized 

lymphadenopathy 

Culture; 

chromatography; PCR 
(blood) 

Meropenem (1); 
cotrimoxazole (12) 

Lost to 
follow-up 

2011 (18) 

Africaf (Spain) 

Adult 

Sepsis 

Culture (blood) 

CAZ + DOX 

Not 

described 


*OTC, oxytetracycline; TMP-SXT, trimethoprim-sulfamethoxazole; CHL, chloramphenicol; TET, tetracycline; SLE, systemic lupus erythematosus; BAL, 
bronchoalveolar lavage; CAZ, ceftazidime; CPI, chronic pulmonary insufficiency; IPM, imipenem; CIP, ciprofloxacin; DOX, doxycycline; MER, 
meropenem. 

tExposure was in multiple countries on the continent or the specific country of acquisition was not detailed. 
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infection is not precisely understood, infections of ani- 
mals have been recognized throughout the continent 
(Table 1) (6-9). During the past 30 years, 11 cases of hu- 
man melioidosis acquired in Africa (1 in a child) have 
been reported in the literature (Table 2 [10-15; 16-18 
in online Technical Appendix, wwwnc.cdc.gov/EID/ 
article/19/6/12-0717-Techappl.pdf|). Three of these cas- 
es were PCR confirmed. In many earlier reports, identifi- 
cation was not confirmed by methods that would satisfy 
modern taxonomists; thus, the true distribution of melioi- 
dosis in Africa remains uncertain. 

We used eBURST software (19 in online Technical 
Appendix) to model the relationship between ST 1008 
and the global MLST database (online Technical Appen- 
dix Figure 1). The founder of this branch of clonal com- 
plex 1 is ST916 (online Technical Appendix Figure 2), 
which was isolated from Cambodia. The other STs on this 
branch, ST186 and ST250, were isolated in Thailand. Al- 
though none of the other Africa B. pseudomallei isolates 
of known MLST are predicted to be in the same subgroup, 
2 isolates from human infections that are thought to have 
occurred in Kenya (STS and ST9; online Technical Ap- 
pendix Figure 2) are in the adjacent subgroup. Thus, these 
Malawi and Kenya strains might share a recent common 
ancestor. We have submitted WGS data from our sample 
to a project that is undertaking WGS on a large number 
of B. pseudomallei isolates from around the world. This 
approach is anticipated to offer superior resolution of the 
global phylogeny. 

Unfamiliarity with the culture characteristics of B. 
pseudomallei often has resulted in delays in recognition, 
identification, diagnosis, and treatment (7). The organ- 
ism exhibits considerable interstrain and media-dependent 
variability in colonial morphology (7); its wrinkled appear- 
ance in older colonies may result in their dismissal as con- 
taminants. Even relatively expensive biochemical test kits, 
such as the API20NE, may result in misidentification, as 
with the pus isolate here, which raises the question about 
whether the infrequency of the diagnosis is due to rarity of 
the disease or lack of capacity to identify it. B. pseudomal- 
lei might be more widespread than recognized in Malawi 
and ecologically similar areas of sub-Saharan Africa where 
the environment is conducive to its growth. Health care 
in Malawi, as in most of sub-Saharan Africa, is delivered 
frequently without use of even basic diagnostic facilities, 
which leads to overdiagnosis of malaria and tuberculosis 
(20 in online Technical Appendix). In this environment, 
patients with septicemic melioidosis could have died be- 
fore all locally available empiric treatments had been tried. 
B. pseudomallei is resistant to penicillin, gentamicin, and 
many other antimicrobial drugs used to treat sepsis in the 
tropics, so diagnosis is necessary for appropriate antimi- 
crobial therapy. 


Melioidosis therefore could be underestimated in 
Malawi and throughout the region. Environmental micro- 
biology and seroprevalence studies are required to gauge 
the extent of this infection and to guide local and regional 
health care policy. 
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Prion amyloidosis occurred in the heart of 1 of 3 ma- 
caques intraperitoneally inoculated with bovine spongiform 
encephalopathy prions. This macaque had a remarkably 
long duration of disease and signs of cardiac distress. Variant 
Creutzfeldt-Jakob disease, caused by transmission of bovine 
spongiform encephalopathy to humans, may manifest with 
cardiac symptoms from prion-amyloid cardiomyopathy. 

H uman prion diseases are progressive neurologie dis- 
orders that include sporadic, genetic, and acquired 
forms of Creutzfeldt-Jakob disease (CJD) (7). A key step in 
disease initiation is conversion of PrP'^ into PrP®“, which is 
partially resistant to proteolytic digestion and an essential 
part of prion infectivity. Transmission of bovine spongi- 
form encephalopathy (BSE) to humans has led to a novel 
form of acquired CJD, termed variant CJD (vCJD) (2). The 
pathogenesis of vCJD differs substantially from sporadic 
CJD with remarkable colonization of non-central nervous 
system regions with infectious prions and PrP®“ (5). 

Although risk reduction measures have been intro- 
duced to limit transmission from BSE-diseased cattle to 
humans, vCJD has occurred in several hundred instances 
(www.eurocjd.ed.ac.uk). Most clinically affected vCJD 
patients are homozygous for methionine on polymorphic 
codon 129 on the gene coding PrP (PRNP), and the clini- 
cal presentation of vCJD in these patients is uniform (4). 
The occurrence of atypical clinical features in persons with 
vCJD that encodes methionine and valine on PRNP codon 
129 and human-to-human transmission of vCJD through 
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blood transfusion have raised concern about atypical clini- 
cal features and alternative distribution of PrP®‘= in vCJD 

(5) . We report on the novel clinicopathologic characteris- 
tics of vCJD as prion-amyloid cardiomyopathy in 1 of 3 
macaques inoculated with BSE. 

The Study 

In 2002, three rhesus macaques were inoculated with 
BSE intraperitoneally (10 mL of a 10% homogenate of 
brain from BSE-diseased cattle). As controls, 2 rhesus ma- 
caques received saline (10 mL) and 1 was untreated. All 
procedures involving rhesus macaques were performed at 
the Institute of Neuropathology, University Medical Center 
Hamburg-Eppendorf (Hamburg, Germany), in accordance 
with the German Animal Welfare Act and the Council Di- 
rective 86/609/EEC (Permit 33.42502/08-08.02 LAVES, 
Lower Saxony, Germany). Animals were observed for 
clinical signs of prion disease and, when signs of terminal 
prion disease became evident, were euthanized and under- 
went autopsy. In all 3 BSE-challenged macaques and none 
of the controls a progressive neurologic disease developed 
49, 59, and 61 months postinoculation. Examination of 
brain by using hematoxylin and eosin staining showed typi- 
cal neuropathologic features of vCJD (data not shown) and 
abundant deposits of PrP®'= in the cortex, basal ganglia, and 
cerebellum in paraffin-embedded tissue blots performed as 
described by using 12F10 monclonal antiprion antibody 

(6) (Figure 1, panel A). The mobility of the unglycosyl- 
ated PrP®'= band and the glycoform ratio of proteinase K- 
digested PrP®‘= were similar to those in BSE when assessed 
by Western blot analysis by using monoclonal POM-1 anti- 
prion antibody as described (7) (Figure 1, panel B). 

Besides lymphoreticular tissues, the muscular compart- 
ment is targeted by prions (7,8). Thus, we assessed presence 
of prpsc skeletal and heart muscle by Western blot analysis 
with sodium phosphotungstic acid precipitation for enrich- 
ment of PrP®‘= and protein misfolding cyclic amplification by 
using published protocols (i). We could not detect substan- 
tial amounts of PrP®“^ in skeletal muscle (Figure 2, panel A). 
One macaque showed abundant PrP®‘= (=1/100 of PrP®“ found 
in brain) in heart in Western blot and protein misfolding cy- 
clic amplification (Figure 2, panels A, B). Paraffin-embedded 
tissue blot analysis of this heart showed PrP®“= as amyloid, oc- 
cupying considerable stretches of heart tissue, mainly in the 
septum (Figure 2, panel C), whereas no PrP®' could be seen 
in hearts of other macaques (data not shown). These findings 
were confirmed by strong Congo red-positive patch-like de- 
positions in cardiomyocytes in the heart of this monkey (Fig- 
ure 2, panel D). The primate with cardiac PrP®' showed the 
longest disease duration (4 months, compared with 4 weeks 
for other BSE-infected monkeys), signs of cardiac affection 
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Figure 1 . PrP®^ distribution and content in brain of bovine spongiform 
encephaiopathy (BSE)-infected rhesus macaques. A) Paraffin- 
embedded tissue biot of striatum and cerebeiium show a typicai 
BSE-iike deposition pattern of PrP*^” with no differences between 
individuai BSE-diseased monkeys at 49, 59, and 61 months 
postinocuiation (mpi). Scaie bars = 1 mm. B) Western biot anaiysis 
for PrP®“ in brain of BSE-infected monkeys with incubation times of 
49, 59, and 61 mpi. PrP'^'-type is as expected for BSE prions, and 
no major differences in PrP®“ ioad were detected. Aii sampies were 
proteinase K-digested; ioading amount was 0.5 and 0.1 mg fresh 
wet tissue for each sampie 

when assessed by relevant makers of cardiac hypertrophy 
and of cardiac distress-associated inflammation, and only 
this macaque showed clinical signs of fatigue and signs of 
cardiac distress (i.e., venous congestion) on autopsy (Table, 
online Technical Appendix Table, wwwnc.cdc.gov/EID/ 
article/19/6/12-0906-Techappl.pdf). Histologic examination 
of heart tissue with hematoxylin and eosin staining and im- 
munohistochemical stainings against B and T cells (CD20 
[not shown] and CD3) did not provide evidence for toxic car- 
diomyopathy (i.e., fibrosis or vacuolization), nor did we And 
signs of inflammatory reaction (Figure 2, panel D). 

Conclusions 

Although the vCJD epidemic is declining, considerable 
concern exists that clinical characterastics ofvCJD will shift. 


The most important genetic risk factor for development of 
vCJD is homozygosity for methionine on PRNP codon 129, 
and all but 1 patient with clinical vCJD carry this polymor- 
phism (5). Thus, future cases of vCJD with longer incubation 
times are likely to comprise more patients with alternative 
codon 129 polymorphisms than methionine homozygosity. 
Data from rodent experiments indicate that clinical features 
of vCJD may differ in these patients (9). Thus, the next de- 
cades may see a shift in vCJD phenotypes. Further uncertain- 
ty for atypical cases in humans results from the possibility 
of secondary transmission of vCJD through blood products 
from subclinical carriers, which may lead to development of 
nonclassical vCJD phenotypes (5). 

We showed that BSE infection of primates may occur 
as prion-amyloid cardiomyopathy. Because prion-amyloid 
cardiomyopathy developed in only 1 of 3 macaques, host- 
encoded factors, such as genetic makeup, probably influ- 
ence development of this cardiac phenotype. All macaques 
are homozygous for methionine on PRNP codon 129; thus, 
prion-amyloid cardiomyopathy cannot be related to poly- 
morphic codon 129 in our study (10). Cardiac involvement 
has been observed in a patient with sporadic CJD and is 
prominent in prion-diseased mice expressing PrP*^ lacking 
its membrane anchor (11,12). We considered the possibil- 
ity that preexisting pathology, such as spontaneous cardio- 
myopathy or inflammation of the heart, might have contrib- 
uted to cardiac PrP®‘=, and the fact that we did not And any 
evidence for toxic cardiomyopathy or inflammation in the 
primate does not exclude this possibility. Because the ma- 
caque with abundant PrP®‘= deposition in heart had longer 
disease duration, it is also possible that longer disease du- 
ration, which favors centrifugal spread of prions to periph- 
eral tissues, contributed to cardiac affection in this primate 
(7). Peripheral deposition of PrP®“^ in vCJD is well stud- 
ied (i). We were surprised by the amount and deposition 
type of PrP®‘= in heart, reaching 1/100 of the amount seen 
in brain and deposited as amyloid across large stretches of 
heart tissue. Skeletal muscle of prion-diseased patients and 
nonhuman primates routinely harbor minimal amounts of 
Prpsc (<1/1000 that found in brain), and PrP®"^ in muscle is 
virtually impossible to detect by in situ methods (6,8,13). 
To our knowledge, PrP®“^ has not been detected in heart of 
vCJD-diseased persons or in patients with systemic amy- 
loidosis, although primates orally exposed to BSE show 


Table. Characteristics of 3 rhesus macaques in study of BSE-associated prion-amyloid cardiomyopathy* 

Primate 

Aqe at inoculation 

Time to clinical 
disease, mo 

Disease 
duration, wk 

Cardiac PrP®‘' 

Signs of cardiac distress 
at autopsy 

BSE inoculated 

8y 

49 

4 

Neg 

Neg 


5y 

59 

18 

Pos 

Pos 


1 y 

61 

4 

Neg 

Neg 

Control 

8 mo 

NA 

NA 

Neg 

Neg 


17y 

NA 

NA 

Neg 

Neg 


19y 

NA 

NA 

Neg 

Neg 


*BSE, bovine spongiform encephalopathy; Neg, negative; Pos, positive; NA, not applicable. 
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Figure 2. Abundant PrP®“ in heart of 1 bovine spongiform encephaiopathy (BSE)-infected rhesus macaque. A) in sodium phosphotungstic 
acid precipitation of PrP®°, foiiowed by Western biotting, highiy abundant PrP®'' was demonstrated in the heart of 1 BSE-infected primate, 
in this monkey, oniy the heart contained PrP®°. Controis inciude cardiac muscie spiked with minimai amounts brain of a heaithy {-) and 
prion-diseased (+) primate. Aii anaiyses were prepared from 50 mg of tissue except the heart of 1 monkey 59 months postinocuiation (mpi) 
(20 mg). PK, proteinase K. B) In protein-misfolding cyclic amplification, PrP^“ was amplified only from the heart of 1 monkey 59 months 
postinocuiation (mpi). As a positive control, brain tissue from a BSE-diseased monkey was used, and tissue from an uninfected control 
monkey served as a negative control. PK-digested hamster PrP®“ (263 K) served as loading and digestion control for PrP^^^. C) Paraffin- 
embedded tissue blotting of the entire heart of the 59 mpi monkey showed abundant deposition of PrP®“, mainly in the septum of the heart. 
Inset confirms the deposition pattern of PrP®“ as amyloid. Scale bar = 0.25 mm. D) Histologic and immunohistochemical examination of 
heart tissue of the 59-mpi monkey by using hematoxylin and eosin (HE) staining and immunohistochemical staining against T-cell marker 
CDS showed regularly configured cardiomyocytes and only single T-cells associated with blood vessels (arrow). Congo red staining 
showed Congo red-positive material in cardiomyocytes in a patch-like deposition pattern (arrows). Scale bar= 10 pm. 


very low amounts of cardiac PrP®“^ { 8 , 14 , 15 ). The lack of 
cardiac PrP®“ in vCJD may result from small cohorts inves- 
tigated. Because the spectrum of vCJD is likely to change, 
broad application of current clinical criteria for vCJD in 
clinical practice may lead to underreporting of vCJD, miss- 
ing atypical cases of vCJD. 

In conclusion, we showed that BSE-infection of 
primates may lead to prion-amyloid cardiomyopathy. 
These data should be considered when vCJD surveillance 
is conducted. 
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Shewanella haliotis 

[shoo "a-n era ha"li-o'tis] 


F rom the Greek halios (marine) and dtos (ear), abalo- 
nes, genus Haliotis, were first mentioned =2,500 years 
ago by Aristotle, who wrote of “the wild limpet (called by 
some the ‘sea ear’).” In D’Arcy Thompson’s translation 
of Aristotle, he notes that “wild limpef’ is “commonly 
attributed to Fissurella graecea ... and conceals a forgot- 
ten name for Haliotis.” The “sea ear” was familiar to the 
Greeks and was named otia (little ear) by Pliny. 
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Shewanella haliotis, a species of rod-shaped, gram- 
negative, facultatively anaerobic bacteria, was first iso- 
lated from the gut microflora of abalones collected from 
the ocean near Yeosu, South Korea, by Kim et al. in 
2007. The genus Shewanella had been previously named 
in 1985 by MacDonell and Colwell in honor of Scottish 
microbiologist James M. Shewan, for his work in flsheries 
microbiology. 
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Shuyi Zhang, and Qi Jin 

To clarify the evolutionary relationships among 
betavoronaviruses that infect bats, we analyzed samples 
collected during 2010-2011 from 14 insectivorous bat 
species in China. We identified complete genomes of 2 novel 
betacoronaviruses in Rhinolophus pusillus and Chaerephon 
plicata bats, which showed close genetic relationships with 
severe acute respiratory syndrome coronaviruses. 

T he 2003 outbreak of severe aeute respiratory syndrome 
(SARS) was eaused by a novel betaeoronavirus and 
rapidly spread globally, causing =8,000 cases and nearly 
900 deaths (1,2). In June 2012, a novel betaeoronavirus 
(called human coronavirus EMC [HCoV-EMC]) also was 
isolated from the sputum of a patient from Saudi Arabia 
who died of pneumonia and renal failure (5). Similar vi- 
ruses were detected in 2 additional patients who had severe 
pneumonia in Qatar in September 2012 and in Saudi Arabia 
in November 2012 (4,5). The clinical picture was remark- 
ably similar to that of SARS and illustrates the epidemic 
potential of a novel coronavirus (CoV) to threaten global 
health. SARS-CoVs and HCoV-EMC were suspected of 
spreading from bats to humans because these Co Vs were 
most closely related to bat CoVs (1,4). To clarify the evo- 
lutionary relationships among betavoronaviruses that in- 
fect bats, we analyzed samples collected during 2010-2011 
from 14 insectivorous bat species common in 8 provinces 
in China. 

The Study 

We obtained pharyngeal and anal swab specimens 
of 414 insectivorous bats. Samples of each species were 
pooled and then processed with a viral particle-protected 
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Yang, J. Dong, L. Sun, Y. Zhu, J. Du, Q. Jin); Institute of Pathogen 
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Y. Zhu, J. Du, Q. Jin); and East China Normal University, Shanghai, 
China (G. He, J. Zhang, S. Zhang) 
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nucleic acid purification method (6). The extracted RNA 
and DNA were amplified by sequence-independent 
PCR. The amplified viral nucleic acid libraries of the bat 
species were then sequenced with the Illumina/Solexa 
GAII sequencer (Illumina, San Diego, CA, USA). Those 
reads generated by the Illumina/Solexa GAII with length 
of 80 bases were directly aligned to the protein sequences 
in the National Center for Biotechnology Information 
nonredundant protein database by the blastx program in 
the BLAST software package, version 2.2.22 (www.ncbi. 
nlm.nih.gov/blast) with parameters “-e le-5 -F T -b 10 
-V 10.” No assembly was performed before alignment. 
Sequence similarity-based taxonomic assignments were 
conducted as described (7). We found 1,075 reads of 
betaeoronavirus in Rhinolophus pusillus bats in Shaanxi 
and 92 reads of betaeoronavirus in Chaerephon plicata 
bats in Yunnan. 

We estimated the approximate locations of those 
reads on the CoV genome and their relative distances on 
the basis of alignment results exported with MEGAN 4- 
MetaGenome Analyzer (http://ab.infuni-tuebingen.de/ 
software/megan/). The located reads were then used for 
reads-based nested PCR to identify genomic sequences. 
We established the complete genome sequences of 2 
betacoronaviruses (Bat Rp-coronavirus/Shaanxi201 1 
and Bat Cp-coronavirus/Yunnan201 1), which are 29,484 
nt and 29,452 nt, respectively. The G-tC content of Bat 
Rp-coronavirus/Shaanxi201 1 and Bat Cp-coronavirus/ 
Yunnan2011 is 41.6% and 40.9%, respectively. 

We conducted complete genome comparison and 
phylogenetic analysis on the basis of polymerase and 
spike protein. Pairwise genome sequence alignment 
was conducted by using EMBOSS Needle software 
(www.ebi.ac.uk/Tools/psa/emboss_needle/) with default 
parameters. The overall nucleotide sequences between 
Bat Rp-coronavirus/Shaanxi201 1 and Bat Cp-coronavirus/ 
Yunnan2011 indicated 88.7% nt identity. They shared 
87.4%-89.5% nt identity with SARS-CoV, 88%-89.9% 
nt identity with the bat SARS-like CoV (bat SARS- 
CoV Rml), and 87.6%-89.6% nt identity with the civet 
SARS-like CoV (civet SARS-CoV SZ16). On the other 
hand, comparison between the betaeoronavirus genomes 
and human betaeoronavirus (HCoV-OC43) showed 
only 49.9%-50.4% nt overall identity, whereas the 
betaeoronavirus genomes and HCoV-EMC showed 52.1% 
nt overall identity. 

The RNA-dependent RNA polymerase (RdRp, 
the 12th nonstructural protein codified to open reading 
frame la,b) is a highly conserved gene of Co Vs, which 
is frequently used for phylogenetic comparison (8,9). 
MEGA5 .0 (www.megasoftware.net) was used to construct 
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the phylogenetic trees on the basis of the nucleotide 
sequences and deduced amino acid sequences. First, we 
used the MUSCLE package and default parameters (www. 
megasoftware.net/) to construct the alignment. The best 
substitution model was then evaluated with the Model 
Selection package implemented in MEGA5. Finally, we 
used the maximum-likelihood method with an appropriate 
model to process the phylogenetic analysis with 1,000 
bootstrap replicates. We constructed a phylogenetic tree 
based on the nucleotide sequences of the RdRp gene 
to show the evolutionary relationship between these 2 
betacoronaviruses and other CoVs (Figure 1). Reference 
CoV genome sequences were downloaded from GenBank 
and aligned with the fragments of the newly discovered 
CoVs. The RdRp genes of Bat Rp-coronavirus/ 



SARS Cluster 


Civet SARSdike Cluster 


Bat SARS-like Cluster 


EMC Cluster 

Human beta-CoV Cluster 


Figure 1. Phylogenetic tree of novel betacoronaviruses based 
on the nucleotide sequence of the RdRp gene. The following 
coronaviruses (CoVs) and GenBank accession numbers were used: 
bat severe acute respiratory syndrome CoV Rml (bat SARS-CoV 
Rml; DQ412043), bat SARS-CoV Rp3 (DQ071615), bat SARS- 
CoV Rf1 (DQ412042), bat SARS-CoV HKU3 (DQ022305), SARS- 
CoV isolate Tor2/FP1-10895 (SARS-CoV Tor2; JX163925), SARS- 
CoV BJ182-12 (SARS-CoV BJ182; EU371564), SARS-CoV 
(NC004718), civet SARS-CoV SZ3 (AY304486), civet SARS-CoV 
SZ16 (AY304488), bat CoV HKU9 (BtCoV-HKU9; EF065513), bat 
CoV HKU4 (BtCoV-HKU4; EF065505), bat CoV HKU5 (BtCoV- 
HKU5; EF065509), human betacoronvirus 2c EMC/2012 (HCoV- 
EMC; JX869059), human CoV OC43 (HCoV-OC43; NC005147), 
HCoV-HKUt (NC006577), bat coronavirus HKU2 (BtCoV-HKU2; 
NC009988), bat coronavirus 1A (BtCoV-1A; NC010437), HCoV- 
229E (NC002645), HCoV-NL63 (NC005831), bat CoV HKU8 
(BtCoV-HKU8; NC010438), scotophilus bat CoV 512 (BtCoV-512; 
NC009657), avian infectious bronchitis virus (IBV; NC001451), 
beluga whale CoV SW1 (BWCoV; NC010646). Scale bar indicates 
genetic distance estimated by using TN93+G+I model implemented 
in MEGA5 (www.megasoftware.net). 


Shaanxi2011 and Bat Cp-coronavirus/Yunnan201 1 were 
highly similar, sharing 93. 1% nt identity. The phylogenetie 
analysis demonstrated that betacoronaviruses and the bat 
SARS-like CoV s in our study are clustered (93 . l%-93 .4% 
nt identity) and are close in distance to SARS-CoVs 
(92.9%-94.8% nt identity) and civet SARS-like CoVs 
(93.1%-94.8% nt identity) but that bat CoV (BtCoV- 
HKU9) and HCoV-OC43 are placed among the relatively 
distant groups (65.8%-65.9% and 62.9%-63.5% nt 
identities with the betacoronaviruses, respectively). 
Therefore, collectively we called these betacoronaviruses 
and bat SARS-like CoVs the bat SARS-like cluster of 
CoVs. Bat Rp-coronavirus/Shaanxi201 1 and Bat Cp- 
coronavirus/Yunnan201 1 showed little genetic similarity 
(<66.2%-67.3% nt identity) to HCoV-EMC. 

The spike proteins of Co V s are responsible for receptor 
binding and host species adaptation, and their genes 
therefore constitute one of the most variable regions within 
CoV genomes {10,11). The phylogenetic tree based on the 
amino acid sequences of spike protein (Figure 2) suggests 
that the selected betacoronaviruses were mainly divided 
into 5 clusters: SARS cluster; bat SARS-like cluster; civet 
SARS-like cluster; human betacoronavirus cluster; and 
EMC cluster. Bat Rp-coronavirus/Shaanxi201 1 and Bat 
Cp-coronavirus/Yunnan201 1 shared 89.4% aa identity 
in spike proteins, which consisted of 1,240 aa and 1,241 
aa, respectively. The spike proteins of the CoVs in our 
analysis have 89.8%-92.7% aa identity with those of 
bat SARS-like CoVs, with substantial similarity in the 
receptor-binding domain. The close relationship also was 
observed with the SARS-CoVs (79.2%-79.4% aa identity) 
and civet SARS-like CoVs (78.9%-79.1% aa identity). In 
contrast, the human betacoronaviruses and EMC cluster 
formed separate clusters distinct from SARS-related CoVs 
that showed only 27.8%-29.4% aa and 28.8%-30.5% 
aa identities with the betacoronaviruses, respectively, 
in our analysis. The genome sequences reported here 
have been deposited into GenBank (accession nos. 
JX993987-JX993988). 

Conclusions 

The recent fatal human infection caused by HCoV- 
EMC has boosted interest in the discovery of novel 
CoVs in humans and animals. HCoV-EMC is a novel 
betacoronavirus, and its closest known relatives are 
BtCoVs HKU4, and HKU5, which have been detected in 
Hong Kong only in bats {12), the same animal from which 
SARS is believed to have originated. Bats are increasingly 
recognized as natural reservoirs of CoVs and may serve as 
intermediate hosts for interspecies transmission of SARS- 
CoVs {10,13). Different bat populations from various 
countries harbor diverse CoVs that have a high frequency 
of recombination and mutation rates that enable them to 


990 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 



Novel Betacoronaviruses in Bats 



Bat SARS-like Cluater 


Civet SARS-lriie Clustec 
SARS Cluster 


I Human bela-CoV Cluster 
I EMC Cluster 


Figure 2. Phylogenetic tree of novel betacoronaviruses based on the 
deduced amino acid sequence of spike protein. SARS, severe acute 
respiratory syndrome; CoV, coronavirus; HCoV, human CoV; BtCoV, 
bat CoV; BWCoV, beluga whale CoV; IBV, avian infectious bronchitis. 
Scale bar indicates genetic distance estimated by using WAG+G+I+F 
model implemented in IVIEGA5 (www.megasoftware.net). 


adapt to new hosts and ecologic niches (14,15). Therefore, 
continuous studies of Co Vs from different bat species and 
different countries would help better prevent the new 
global pandemics resulting from novel viral infection. 

We detected and characterized 2 novel 
betacoronaviruses-Bat Rp-coronavirus/Shaanxi201 1 in 
R. pusillus bats and Bat Cp-coronavims/Yunnan201 1 
in C. plicata bats-in China. The high similarity shown 
by phylogenetic analysis confirmed the close genetic 
relationship among the CoVs (SARS-like CoVs and 
SARS-CoVs) that we analyzed. In contrast, Bat Rp- 
coronavirus/Shaanxi201 1 and Bat Cp-coronavirus/ 
Yunnan2011 showed little genetic similarity with human 
betacoronaviruses and HCoV-EMC. Although several 
CoVs are found in horseshoe bats (Rhinolophus spp.), to 
our knowledge, the SARS-like CoVs in R. pusillus and 
C. plicata bats in China have not been identified. The 
description presented here will further the understanding 
of CoVs distribution in different bat species found in 
human habitats and provide clues for rapid response to 
potential public health threats. 

This work was supported by the National Science and 
Technology Major Project, “China Mega-Project for Infectious 
Disease” (grant no. 201 1ZX10004-001) from China. 
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Ke Chen, Yiqiang Zhao, Lei Gao, Fangfang Liu, 
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and Yang Ke 

To determine prevalence of genital human papillo- 
mavirus (HPV) infection among men in rural China, we 
analyzed genital swab specimens. Among 2,236 male 
residents of rural Henan Province, HPV infection preva- 
lence was 17.5%. The most common oncogenic and non- 
oncogenic types were HPV-16 and HPV-3, respectively. 
Infection was associated with younger age and multiple 
sex partners. 

H uman papillomavirus (HPV) is an etiologic agent of 
cervical cancer. Among men, genital HPV infection 
plays a role in the development of anogenital cancer (7). 
Estimates of HPV infection prevalence among hetero- 
sexual men, mostly from North America and Europe, vary 
substantially (3.5%-45%) (7,2). In the People’s Republic 
of China, estimated HPV prevalence among women varies 
by geographic location (5), but no such estimate is avail- 
able for men. Therefore, we conducted this cross-sectional 
study to determine the prevalence of genital HPV infection 
in a large population of men in a rural province of China 
and to evaluate relevant factors. 

The Study 

In 2007-2009, a population-based esophageal can- 
cer cohort study was initiated in 9 villages in rural Any- 
ang, Henan Province, China { 4 ). This HPV investigation 
was added to the original cohort study in 6 of the 9 vil- 
lages. Eligibility criteria were as follows: 1) male sex; 2) 
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permanent residency in the target villages; 3) age 25-65 
years; and 4) no history of cancer, cardiovascular disease, 
or mental disorder. Of 3,571 eligible men, 3,172 (89%) 
were enrolled. The main reason why the other 399, who 
were substantially younger, did not participate was loss 
of contact because they were employed outside Anyang. 

Participants were interviewed, and exfoliated cells 
were collected from the penile shaft, glans penis, coronal 
sulcus, and scrotum by using saline-soaked swabs (5). The 
sampling procedure was identical for circumcised and un- 
circumcised men. To assess the adequacy of the specimens, 
we tested each specimen by PCR for the P-globin gene. 
Positive specimens were subsequently tested for 13 onco- 
genic and 37 nononcogenic types of HPV by using PCR- 
based direct sequencing with a pair of SPF1/GP6+ prim- 
ers ( 6 ). Samples with ambiguous HPV typing signals were 
subjected to further cloning and sequencing. 

To evaluate the associations between exposure vari- 
ables and the presence of HPV DNA, we used logistic re- 
gression analysis with stepwise backward elimination at 
p>0.1. To examine the association across the ordered cat- 
egorical variables, we used a trend test. 

Of 3,172 specimens tested, 2,236 were positive for 
P-globin and were included in the analysis (median par- 
ticipant age 42 years; interquartile range 35-52 years). 
We excluded from the study men who were older and re- 
ported less risky sexual behavior than those who were in- 
cluded (online Technical Appendix, wwwnc.cdc.gov/EID/ 
article/ 19/6/11-1 5 97-Techapp 1 .pdf) . 

Of the 40 HPV types we tested for, we detected 36, 
including 13 oncogenic types. Overall prevalence of 
HPV infection was 17.5% (95% Cl 16%-19%). Onco- 
genic HPV was detected in 140 (6.3%; 95% Cl 5.3%- 
7.3%) specimens, and nononcogenic HPV was detected 
in 251 (11%; 95% Cl 9.9%-13%) specimens. Among 
15 HPV-positive specimens that had ambiguous direct 
sequencing signals and were further cloned and rese- 
quenced for genotyping, 3 had a second type and minor 
types were ignored. Among these infections (Table 1), 
the most common oncogenic type detected was HPV-16 
(17.4%), followed by HPV- 18 (7.2%). The most com- 
mon nononcogenic type was HPV-3 (16.4%), followed 
by HPV-57 (7.9%). 

Prevalence of infection of any or nononcogenic HPV 
types decreased significantly with participant’s increasing 
age (Table 2). Risk for infection with any HPV type was 
associated with being unmarried, having had multiple sex 
partners, and having had oral and anal sex. When the out- 
come was stratified by oncogenicity of HPV type, the as- 
sociation remained statistically significant for having had 
multiple sex partners. 


'These authors contributed equally to this article. 
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Table 1. Type-specific proportions of HPV infection among 2,236 men from rural Henan Province, China, 2007-2009* 

Genotype! 

Genus and species 

Positive, no. (%)| 

Oncogenic type§ 


140 (35.8) 

HPV-16 

Alpha-9 

68 (17.4) 

HPV-18 

Alpha-7 

28 (7.2) 

HPV-58 

Alpha-9 

13 (3.3) 

HPV-33 

Alpha-9 

8 (2.0) 

HPV-45 

Alpha-7 

5(1.3) 

HPV-52 

Alpha-9 

4 (1.0) 

HPV-66 

Alpha-6 

4 (1.0) 

HPV-35 

Alpha-9 

3 (0.8) 

HPV-68 

Alpha-7 

3 (0.8) 

HPV-31 

Alpha-9 

1 (0.3) 

HPV-51 

Alpha-5 

1 (0.3) 

HPV-56 

Alpha-6 

1 (0.3) 

HPV-59 

Alpha-7 

1 (0.3) 

Nononcogenic typeH 


251 (64.2) 

HPV-3 

Alpha-2 

64 (16.4) 

HPV-57 

Alpha-4 

31 (7.9) 

HPV-87 

Alpha-3 

18 (4.6) 

HPV-81 

Alpha-3 

17 (4.3) 

HPV-1 1 

Alpha-10 

15(3.8) 

HPV-67 

Alpha-9 

12 (3.1) 

HPV-90 

Alpha-14 

12 (3.1) 

HPV-43 

Alpha-8 

11 (2.8) 

HPV-75 

Beta-3 

10 (2.6) 

HPV-54 

Alpha-13 

9 (2.3) 

HPV-91 

Alpha-8 

9 (2.3) 

HPV-94 

Alpha-2 

8 (2.0) 

HPV-6 

Alpha-10 

6(1.5) 

HPV-30 

Alpha-6 

6(1.5) 

HPV-27 

Alpha-4 

5(1.3) 

HPV-40 

Alpha-8 

5(1.3) 

HPV-1 0 

Alpha-2 

4 (1.0) 

HPV-62 

Alpha-3 

2 (0.5) 

HPV-74 

Alpha-10 

2 (0.5) 

HPV-84 

Alpha-3 

2 (0.5) 

HPV-7 

Alpha-8 

1 (0.3) 

HPV-29 

Alpha-2 

1 (0.3) 

HPV-77 

Alpha-2 

1 (0.3) 


Total 391 (100) 


*HPV, human papillomavirus; Alpha, Alphapapillomovirus] Beta, Betapapillomavirus. 

|Of 391 HPV-positive specimens, 15 displayed ambiguous typing signals by direct sequencing of PCR product. Infection with >1 HPV type was detected 
in only 3 of 15 specimens that were tested by cloning and sequencing: the predominant type is shown. 

^Proportion. 

§Oncogenic types tested in this study included HPV-16, -18, -31 , -33, -35, -39, -45, -51 , -52, -56, -58, -59, and -66. 

ifOn the basis of latest published literature and our knowledge of the detection method of HPV DMA adopted in this study (SPF1/GP6+ mediated PCR 
and sequencing), nononcogenic types that could be tested for were HPV-3, -6, -7, -10, -11, -26, -27, -29, -30, -32, -37, -40, -42, -43, -44, -53, -54, -55, - 
57, -61,-62, -67, -68, -69, -70, -72, -74, -75, -77, -81, -82, -84, -85, -87, -90, -91, and -94. 


Conclusions 

This study of genital HPV in a large sample of adult 
men from rural China addresses the paucity of data on male 
genital HPV infection in Asia. Prevalence rates for any 
type of HPV and oncogenic HPV were lower among these 
men in China than among heterosexual men elsewhere 
(Asia-Pacific area and globally) (2,7). This discrepancy 
might be partly explained by the relatively more conserva- 
tive sexual behavior and higher median age of participants 
in this study. 

Among populations of similar age, prevalence of a 
specific HPV type is usually lower among men than among 
women (7). However, the 17.5% prevalence found in this 
study exceeds estimates for married women 15-59 years of 
age in China (14.8%-16.8%) ( 8 ). This finding is consistent 


with that of another study, which also reported higher HPV 
prevalence among men than among women (9). These in- 
consistent findings might be explained by differences in 
HPV type distribution between male genitalia and the fe- 
male cervix and by variability of type-specific sensitivity 
in detection methods. 

Although most studies of HPV infection in men world- 
wide have found no clear fiend with regard to age (7), we 
found that infection mildly decreased with increasing age. 
A potential explanation for this age-related trend might be 
that in this population, young adults more commonly work 
for long periods outside the rural home area than do older 
adults (data not shown), and the increased mobility might 
be associated with more unprotected sexual behavior and 
consequent increased exposure to HPV ( 10 ). 
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Table 2. Selected demographic and behavior variables for genital HPV infection among 2,236 men from rural Henan Province, China, 


2007-2009* 


Any type HPV infection 

Oncogenic HPV infection 

Nononcogenic HPV infection 

Patient variable 

Crude OR 
(95% Cl)t 

Adjusted OR 
(95% Cl)i 

Crude OR 
(95% Cl)t 

Adjusted OR 
(95% Cl)i 

Crude OR 
(95% Cl)t 

Adjusted OR 
(95% Cl)t 

Age, y 
25-35 

1.0 


1.0 


1.0 


36^5 

46-55 

56-65 

p value for trend§ 

0.8 (0.6-1 .0) 
0.8 (0.6-1. 1) 
0.7 (0.5-1 .0) 
0.039 


0.7(0.4-11) 

0.9(0.6-15) 

0.8(0.5-13) 

0.498 


0.8(0.6-11) 

0.8(0.5-11) 

0.6(0.4-10) 

0.030 


Education level 







Illiterate, <1 y 

1.0 


1.0 


1.0 


Primary school, 1-6 y 
Secondary school, 7-12 y 
College or above, >12 y 
p value for trendf 

0.7 (0.4-1 .4) 
0.9 (0.5-1 .6) 
1.5 (0.5^. 3) 
0.238 


0.9 (0.3-2.4) 
0.9 (0.3-2. 2) 
18(0.4-8.3) 
0.969 


0.7 (0.3-1 .4) 
0.9(0.4-19) 
13(0.4-4.8) 
0.132 


Marital status 







Married or cohabiting 
Never married, divorced, 
separated, or widowed 

1.0 

1.7 (1. 1-2.6) 

1.0 

1.6(10-2.5) 

1.0 

18(10-3.5) 

1.0 

18(0.9-3.4) 

1.00 

16(0.9-2.7) 

1.0 

1.6 (0.9-2.8) 

Type of employment 
Farming at home 
Working in local area 
Working outside local area 
Other 

p value for trend§ 

1.0 

1.2 (0.9-1 .5) 
1.2 (0.9-1 .6) 
1.2 (0.6-2.4) 
0.238 


1.0 

1.1 (0.7-16) 
0.9(0.6-15) 
1.1 (0.4-3. 1) 
0.876 


1.0 

13(0.9-18) 

13(0.9-19) 

13(0.6-2.9) 

0.100 


Cigarette smoking 
Never 

1.0 


1.0 


1.0 


Ever 

1.0 (0.8-1. 3) 


0.9 (0.6-13) 


1.1 (0.8-14) 


Alcohol consumption 
Never 

1.0 


1.0 


1.0 


Ever 

1.0 (0.8-1 .3) 


1.1 (0.8-16) 


1.0 (0.7-13) 


Lifetime no. sex partners 
0-1 

1.0 

1.0 

1.0 

1.0 

1.00 

1.0 

2 

>3 

p value for trend§ 

2.4 (1. 6-3.6) 
2.0 (1. 5-2.9) 
<0.001 

2.2 (1. 5-3.4) 
1.8(13-2.6) 
<0.001 

13(0.6-2.7) 

19(11-3.2) 

0.015 

1.2 (0.6-2. 6) 
19(11-3.1) 
0.020 

3.1 (2. 0-4.8) 

2.1 (14-3.2) 
<0.001 

3.0 (2.0-4.7) 
1.9 (13-2.9) 
<0.001 

Oral or anal sex 







Never 

1.0 

1.0 

1.0 


1.0 


Ever 

1.7 (1. 2-2.4) 

15(10-2.1) 

1.5 (0.9-2. 6) 


1.8 (12-2.6) 


Wash genitalia before sex 
Occasionally or never 
Frequently or every time 

1.0 

1.2 (0.9-1 .6) 


1.0 

0.8 (0.5-14) 


1.0 

1.5 (11-2.1) 


*HPV, human papillomavirus; OR, odds ratio. 

fCrude ORs and 95% CIs derived by univariate logistic regression analysis. 


JAdjusted ORs and 95% CIs derived by multivariate logistic regression modeis inciuding all the listed variabies; backward method was used to seiect 
significant variabies on the 0.10 ievel. 

§p vaiues for trend derived by iogistic regression analyses, treating categoricai variables as continuous variables. 


Our finding that HPV- 16 and -18 were the most eom- 
monly detected oncogenic HPV types is in keeping with 
findings of previous studies ( 2 , 7 , 11 , 12 ). However, our 
finding that HPV-3 and HPV-57 were the predominant 
nononcogenic types is in contrast to the findings of other 
studies that HPV-6 and HPV-11 were the most predomi- 
nant ( 2 , 11 , 13 ). This discrepancy might partly be explained 
by the fact that in our in-house evaluation, the primer set 
SPF1/GP6-I- was more sensitive for HPV-57 but less sensi- 
tive for HPV-11 than was GP5-I-/GP6-I-, Completely oppo- 
site to our findings, Dai et al. reported that among women 
in neighboring rural Shanxi Province, China, oncogenic 
types were more commonly detected than were nononco- 
genic types ( 14 ). One possible explanation is that in our 


study, a significant portion of the exfoliated cells were col- 
lected from skin tissue. Therefore, a number of cutaneous 
HPV types, which are nononcogenic for mucosal lesion 
(cervical cancer), could be detected. We believe this might 
have led to the higher proportion of nononcogenic HPV 
than oncogenic HPV detected in our study. Another pos- 
sible explanation is that sequencing methods used in our 
study can detect more nononcogenic types, which escape 
identification in studies that use hybridization with preas- 
signed probes. 

In contrast to previously reported rates of infection 
( 7 , 12 ), in our study, infection with multiple types was rare. 
The previous studies used hybridization, an efficient way to 
identify co-infections, for genotyping. However, we used 
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sequencing instead of hybridization to maximize demon- 
stration of the spectrum of HPV types. Because minor types 
would probably be covered by the predominant type in the 
sequencing process, sequencing would probably have re- 
sulted in underestimation of infection with multiple types. 

The low proportion of P-globin positivity might have 
partly resulted from the lower efficiency of cell collection 
by use of a saline-moistened swab as opposed to other 
methods such as emery paper (75). Another possible ex- 
planation is that a certain proportion of cells collected from 
male genitalia are keratinized and contain less nucleated 
human DNA than cells collected from mucosal organs 
(e.g., the cervix) (75). 

The age range of the male participants in this large 
study was broad. However, the biases potentially imposed 
by the nonparticipation of «400 younger men (because of 
mobility) and 936 older men (because of specimen inad- 
equacy) must be noted. This nonparticipation of younger 
men might have neutralized the age-related association to 
some extent. Although circumcision is extremely rare in 
rural China, the lack of accurate data for this variable is 
another study limitation, which rendered subgroup analysis 
by circumcision status impossible. 

As reported in other studies (7), having had multiple 
sex partners was associated with HPV infection in this pop- 
ulation. This finding indicates that men with higher mobil- 
ity (i.e., higher risk for multiple sex partners and unpro- 
tected sexual behavior) should receive more attention with 
regard to future HPV control in this region. 
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Tularemia in 
Pregnant Woman, 

France 
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and Max Maurin 

A pregnant woman who had oropharyngeal tularemia 
underwent treatment with azithromycin and lymph node 
resection and recovered without obstetrical complication 
or infection in the child. Azithromycin represents a first-line 
treatment option for tularemia during pregnancy in regions 
where the infecting strains of Francisella tularensis have no 
natural resistance to macrolides. 


T ularemia is a bacterial zoonotic disease caused by a 
gram-negative coccobacillus, Francisella tularen- 
sis’, the most virulent subspecies, tularensis (type A), is 
found in North America, but subspecies holarctica (type 
B) occurs throughout the Northern Hemisphere {1-4). In 
France, human cases are most often sporadic and occur 
predominantly in the eastern, southeastern, and western 
parts of the country (7). 

F. tularensis has several animal reservoirs, including 
rodents and lagomorphs (hares and rabbits). Domestic 
animals may be infected with F. tularensis through contact 
with the wildlife fauna and, occasionally, transmit the 
disease to humans. Human contamination occurs following 
direct contact with infected animals, through contaminated 
environments or arthropod bites (2). We describe the 
diagnosis and treatment of tularemia in a pregnant woman 
in France. 

The Case 

In late February 2006, a 27-year-old pregnant 
woman, at 6 weeks’ gestation, was referred to Grenoble 
University Hospital, Grenoble, France, for investigation 
of persistent left cervical lymphadenopathy with fever. 
She had no history of severe infection or underlying 
illness. The patient lived in a farm in the French Alps. The 
lymphadenopathy occurred 3 weeks earlier, along with a 
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sore throat, and persisted despite 10 days’ treatment with 
amoxicillin (3 g daily). 

At admission, the patient was febrile (38°C) and had 
a tender, swollen, submaxillary cervical lymph node on 
the left side. Examination of the oral cavity showed no 
abnormalities. Magnetic resonance imaging of the left 
cervical region showed a large mass extending from the 
parotid region to the submandibular region, with hypo- and 
hypersignals in Tl- and T2-weighted imaging, respectively. 

Lymph node tissue was obtained by needle aspiration, 
and examination revealed nonspecific lesions of 
lymphadenitis. Laboratory test results showed moderate 
inflammatory syndrome (C-reactive protein 67 mg/L). 
Serologic results were negative for HIV, hepatitis B and 
C viruses, rubella virus. Treponema pallidum (syphilis), 
Coxiella burnetii (Q fever), and Borrelia, Bartonella, 
Brucella, and Legionella spp. and showed only residual 
IgG-type antibodies against cytomegalovirus, Epstein- 
Barr virus, herpes simplex virus, parvovirus. Mycoplasma 
pneumoniae, and Chlamydophila pneumoniae. 

Because we suspected severe Streptococcus pyogenes 
infection, a second course of amoxicillin was administered 
for 13 additional days. After initial clinical improvement, 
the patient relapsed, and the lymphadenopathy evolved to 
suppuration and necrosis. In March 2006, a large amount 
of pus was surgically drained from the site, and inflamed 
lymph nodes were removed. These unusual clinical features 
led us to suspect tularemia. 

The patient denied receiving any tick bite but 
reported that she regularly fed domestic rabbits in cages. 
Her symptoms began a few days after she killed and 
skinned rabbits, which were then kept frozen but not eaten 
by the family. 

Examination of the removed lymph node samples 
confirmed the presence of nonspecific lymphadenitis. 
Routine cultures and mycobacterial cultures remained 
sterile, but F. tularensis DNA was detected in lymph node 
samples by using specific real-time PCR targeting the gene 
encoding a 23-kDa surface protein (5). PCR amplification 
and sequencing of the 16S rDNA-23S rDNA intergenic 
spacer region (5) directly from lymph node tissue confirmed 
the presence of DNA from A’, tularensis subsp. holarctica. 
Serum samples collected in late February and on March 15, 
2006, were tested by using an immunofluorescence assay 
and a homemade F. tularensis antigen (5). Both samples 
were positive, with IgM and IgG titers of 320 (cutoff titers 
of>160). 

Because the patient was pregnant and tularemia 
in France has been caused only by biovar 1 strains of 
F. tularensis subsp. holarctica (2), which are naturally 
susceptible to macrolides, she was treated with 
azithromycin (500 mg/d for 6 weeks). She recovered, with 
no complications for herself or her baby. 
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The patient reported that the rabbits were reared 
outdoors, in floor-level, wire-mesh eages; therefore, we 
suspeeted the animals were infeeted with F. tularensis 
through contact with wild fauna. Attempts to detect F. 
tularensis in pieces of the frozen rabbits by culture and 
PCR tests were unsuccessful. All family members of the 
patient also tested negative for F. tularensis. 

Conclusions 

Clinical symptoms of tularemia are primarily related to 
the portal of entry ofbacteria, the F. tularensis strain virulence, 
and the immune status of the patient. The incubation period 
is usually 1-3 days but may last up to 15 days (3,6). The 
primary clinical forms are glandular and ulceroglandular 
(skin inoculation), oculoglandular (conjunctival inoculation), 
oropharyngeal (oral contamination), pneumonic (inhalation 
of an infected aerosol), and typhoidal (various modes of 
infection) (2,7). Tularemia may be severe and even fatal; 
patients with lymphadenopathy may experience lymph node 
suppuration in 30% of cases (7). There have been no reports 
of human-to-human transmission. 

Our patient’s symptoms were fever, pharyngitis, and 
cervical lymphadenopathy; treatment with a P-lactam drug 
did not improve her condition, which rapidly evolved to 
local suppuration, a sign that should prompt physicians 
to consider oropharyngeal tularemia in disease-endemic 
regions. Because tularemia cases remain extremely rare in 
the French Alps, where the patient lived, this diagnosis was 
not considered at the time of the first medical consultation. 

Because the rabbit meat was not consumed by the 
patient, we suspected she became infected at the time 
she skinned these animals. F. tularensis resists low 
temperatures, including freezing (2,6). However, the 
animals had no overt disease at the time they were killed, 
so low bacterial inoculum may explain why the tests 
performed on rabbit meat had negative results. 

Diagnosis of tularemia is often made by serologic tests 
(3), although these are negative during the first 2 weeks 
following the onset of symptoms (7). In the case described 
here, the same high antibody titers were obtained in 2 serum 
samples taken 2 weeks apart, which indicates that the peak 
secretion of specific antibodies was achieved. Culture of F. 
tularensis from clinical samples remains poorly sensitive, 
but PCR-based testing of pharyngeal swab specimens or 
lymph node suppurations or biopsy specimens enables rapid 
diagnosis of oropharyngeal tularemia and identification of 
the F. tularensis subspecies involved (1,4,5, 7, 8). 

A few tularemia cases occurring in pregnant women 
have been reported (9). Severe illness or death caused by 
infection with F. tularensis could be a risk for a pregnant 
woman or her fetus; the role of F. tularensis as an agent of 
abortion and intrauterine death is well recognized in sheep 
(10) but not in pregnant women. A major difficulty in this 


instance was the choice of the antimicrobial drug regimen, 
because first-line antibiotics currently recommended for 
treatment of tularemia, including the aminoglycoside 
gentamicin, fluoroquinolones, and tetracyclines (1,2, 7,8), 
may be toxic for pregnant women or fetuses. No treatment 
recommendation for tularemia during pregnancy is 
available (9). 

This patient recovered after removal of suppurated 
lymph nodes and treatment with azithromycin. The 
pregnancy outcome was favorable, and the patient and the 
infant were healthy at 12-month follow up. Macrolides 
are usually not recommended for treatment of tularemia 
patients (2,7,8), especially because F. tularensis subsp. 
holarctica biovar 2 strains, mainly found in Eastern Europe 
and Asia, are naturally resistant to macrolides (11-14). 
The ketolides (e.g., telithromycin) are highly active against 
F. tularensis in vitro (11,15), but their use in pregnant 
women is currently discouraged. This case emphasizes 
the usefulness of azithromycin as a first-line treatment for 
tularemia in pregnant women in areas where infections 
caused by biovar 2 strains ofF. tularensis subsp. holarctica 
do not occur. 

Dr Dentan is a medical doctor specialized in internal 
medicine and infectious diseases at Grenoble University Hospital, 
France. She is particularly interested in zoonoses. 
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We report emergence of ciprofloxacin-resistant Salmo- 
nella enterica serovar Kentucky in Canada during 2003- 
2009. All isolates had similar macrorestriction patterns and 
were multilocus sequence type ST198, which has been ob- 
served in Europe and Africa. Ciprofloxacin-resistant S. en- 
terica serovar Kentucky represents 66% of all ciprofloxacin- 
resistant nontyphoidal Salmonella sp. isolates observed in 
Canada since 2003. 


I nfections with Salmonella spp. are a major health con- 
cern for humans and animals on a global scale. Al- 
though most cases of salmonellosis result in uncompli- 
cated diarrhea, elderly and immunocompromised persons 
can be at risk for more severe invasive infections, which 
can be life-threatening and may require antimicrobial 
drug therapy (7). The drugs of choice for treating these 
invasive infections are fluoroquinolones (for adults) or 
cephalosporins. 
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One of the main drivers of antimicrobial drug resis- 
tance in Salmonella spp. is use of antimicrobial drugs in 
food-producing animals. For example, high rates of cepha- 
losporin resistance in Salmonella enterica serovar Heidel- 
berg isolated from poultry, retail chicken meat, and hu- 
mans were observed in Quebec, Canada in 2003. After a 
voluntary withdrawal of cephalosporins was instituted by 
the Quebec broiler industry in 2005, rates of ceftiofur re- 
sistance dramatically decreased in animals and humans (2). 

As with cephalosporin resistance, ciprofloxacin resis- 
tance in Salmonella spp. is a growing concern. Recently, 
S. enterica serovar Kentucky isolates have been described 
in Europe and Africa that were ciprofloxacin resistant (5). 
In addition, these isolates were resistant to multiple classes 
of antimicrobial drugs, which further complicates treat- 
ment options for invasive disease. No S. enterica serovar 
Kentucky isolates submitted to the National Antimicrobial 
Resistance Monitoring System in the United States were 
ciprofloxacin resistant (5). The purpose of this study was 
to describe the epidemiology and characterize isolates of 
ciprofloxacin-resistant S. enterica serovar Kentucky identi- 
fied in Canada. 

The Study 

The Canadian Integrated Program for Antimicrobial 
Resistance Surveillance (CIPARS), established in 2003, 
monitors antimicrobial drug use and resistance in se- 
lected species of enteric bacteria from humans, animals, 
and animal-derived food sources across Canada (www. 
phac-aspc.gc.ca/ cipars-picra/surv-eng.php). Human Sal- 
monella isolates were submitted by all provincial public 
health laboratories in Canada to the National Microbiolo- 
gy Laboratory for further characterization. Antimicrobial 
drug susceptibility testing was performed by using broth 
microdilution (Sensititer Automated Microbiology Sys- 
tem; Trek Diagnostic Systems Ltd., Westlake, OH, USA) 
and breakpoints established by the Clinical Laboratory 
Standards Institute {4). 

Atotalof765. enterica serovar Kentucky isolates were 
submitted to the CIPARS program during 2003-2009, and 
23 (30%) isolates showed ciprofloxacin resistance (MIC 
>4 mg/L) during the study (Figure 1). Thirty -five (46%) 
isolates were susceptible to all antimicrobial drugs tested. 
Ciprofloxacin-resistant isolates were identified from hu- 
man case-patients in British Columbia (n = 2), Alberta (n 
= 2), Saskatchewan (n = 1), Ontario (n = 12), Quebec (n 
= 5), and Prince Edward Island (n = 1). Age information 
was available for 54 of 76 case-patients infected with S. 
enterica serovar Kentucky during the study period. 

Of these isolates, 11 (14.5%) were resistant to cipro- 
floxacin. Ciprofloxacin resistance was observed among 
case -patients 18-69 years of age, and 5 of 11 were 18-29 
years of age. Case-patients 18-29 years of age were 8 times 
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Figure 1. Salmonella enterica serovar Kentucky isolates identified 
in Canada, 2003-2009. Black bars indicate ciprofloxacin-resistant 
isolates, and white bars indicate non-ciprofloxacin-resistant isolates. 


more likely to have a eiprofloxaein-resistant strain than 
ease-patients 50-69 years of age (odds ratio [OR] 8.3, 95% 
Cl 1.034-67.198, p = 0.046). Of 21 eiprofloxaein-resistant 
isolates from ease-patients who reported site of isolation, 
20 were identified from feees and 1 from urine. There were 
no differenees in site of isolation between eiprofloxaein- 
resistant and eiprofloxaein-suseeptible S. enterica serovar 
Kentueky isolates. Although the total number of isolates 
assoeiated with human infeetions was rare, of the 21,426 
nontyphoidal Salmonella spp. submitted for suseeptibil- 
ity testing as part of the human eomponent of the CIPARS 
program sinee 2003, S. enteriea serovar Kentueky had a 
signifleantly higher rate of eiprofloxaein resistanee than 
all other nontyphoidal Salmonella isolates and eomprised 
66% (23/35; p<0.0001) of all eiprofloxaein-resistant iso- 
lates identified during thaf period. 

In Canada, eiprofloxaein-resisfant S. enterica serovar 
Kentueky was first identified in 2005, when 22% (2/9) of 
isolates submitted for drug suseeptibility testing were resis- 
tant to this drag. A signifleant inerease (OR 10.5, 95% Cl 
1.1 15-9.913, p = 0.04) in the number of isolates resistant to 
eiprofloxaein was observed in 2009 eompared with results in 
2005. The largest number oeeurred during 2008-2009, when 
eiprofloxaein-resistant isolates eomprised 57% (17/30) of all 
S. enterica serovar Kentueky isolates identified (Figure 1). 
The number of eases reported in Canada is eomparable with 
that reported in Denmark over a similar period (5). 

We typed all isolates by using pulsed-fleld gel eleetro- 
phoresis as deseribed and restrietion enzyme Xbal (5). A 
dendrogram depleting the results was generated with BioN- 
umeries version 3.5 (Applied Maths, Sint-Martens-Latem, 
Belgium) and is shown in Figure 2. All eiprofloxaein-resis- 
tant isolates elustered with a pereentage similarity >80%; 
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Figure 2. Dendrograms of macrorestriction fragments of all (A) and 
eiprofloxaein-resistant (B) Salmonella enterica serovar Kentucky 
isolates identified in Canada, 2003-2009. The dotted vertical line 
in panel A indicates a cutoff value of 80% similarity, and the box 
indicates eiprofloxaein-resistant isolates. Left end and Right end in 
panel B indicate PCR results for presence (Pos) or absence (Neg) 
of left and right junctions of Salmonella genomic island 1. PFGE, 
pulsed-field gel electrophoresis; MLST, multilocus sequence typing; 
Ac, amoxicillin clavulanate; Am, ampicillin; Ch, chloramphenicol; Ci, 
ciprofloxacin; Ge, gentamicin; Na, nalidixic acid; St, streptomycin; 
Su, sulfisoxazole; Te, tetracycline; ST, sequence type; Tm, 
trimethoprim; PEI, Prince Edward Island. Letters in parentheses 
indicate drugs that had intermediate MICs. 
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only 1 ciprofloxacin-susceptible isolate was found in this 
cluster (Figure 2, panel A). 

Multilocus sequence typing (MLST) was performed 
on a subset of 8 isolates on the basis of differences in 
pulsed-fleld gel electrophoresis patterns and variations in 
antimicrobial drug resistance. Data were submitted to the 
MLST database website (http://mlst.ucc.ie/mlst/dbs/Sen- 
terica) to determine MLST types (6). All isolates tested 
were sequence type (ST) 198 (Figure 2, panel B). This se- 
quence type and similar antimicrobial drug resistance pat- 
terns have been recently reported in France, England and 
Wales, Denmark, Belgium, and Africa (3, 7,8). 

Many ST 198 multidrug-resistant isolates observed in 
Europe and Africa contained Salmonella genomic island 1 
(SGIl) variants, particularly, SGIl-K, SGIl-Q, and SGIl- 
P. To determine whether ciprofloxacin-resistant isolates 
from Canada harbored similar SGIl variants, we used PCR 
to detect the chromosomal left and right junctions of SGIl 
as described {9,10). The right junction was found in 22 
of 23 isolates, and the left junction was found in 18 of 23 
isolates (Figure 2, panel B). Further studies are needed to 
identify specific SGI variants in the isolates. 

Analysis of S. enterica serovar Kentucky isolates 
obtained during 2003-2009 from animal and retail meat 
samples as part of CIPARS did not identify any cipro- 
floxacin-resistant isolates (www.phac-aspc.gc.ca/cipars- 
picra/index-eng.php). This finding suggests that human 
infections in Canada were not acquired from domestically 
produced food. Many ciprofloxacin-resistant S. enterica 
serovar Kentucky human infections identified in Europe 
have been linked to travel to countries in Africa (5). Of 23 
case -patients in Canada, we obtained travel history for 11. 
Travel history was defined as previous travel out of Canada 
within the past 7 days. Four case-patients had traveled to 
Morocco (1 also had traveled to Spain and Portugal), 3 had 
traveled to Egypt, 1 had traveled to Libya, and 3 had trav- 
eled to Africa (no country reported). 

Conclusions 

Resistance to ciprofloxacin in Salmonella spp. is a 
growing concern because it limits the ability to treat in- 
vasive disease. In this study, we described the characteris- 
tics of ciprofloxacin-resistant S. enterica serovar Kentucky 
isolates in Canada. Similar drug-resistance patterns and 
genetic backgrounds of S. enterica serovar Kentucky have 
been observed in Europe and linked to travel to countries 
in Africa (5). That most isolates had multidrug resistance 
phenotypes is of particular concern. Further studies are 
required to determine risk factors for acquisition of these 
infections in Canada. 

This study was supported by the Public Health Agency of 
Canada. 
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Novel Poxvirus in 
Big Brown Bats, 
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A wildlife hospital and rehabilitation center in north- 
western United States received several big brown bats with 
necrosuppurative osteomyelitis in multiple joints. Wing and 
joint tissues were positive by PCR for poxvirus. Thin-section 
electron microscopy showed poxvirus particles within A- 
type inclusions. Phylogenetic comparison supports estab- 
lishment of a new genus of Poxviridae. 

B at species worldwide have been implicated as reser- 
voirs for several emerging viruses, such as lyssavims- 
es, henipahviruses, severe acute respiratory syndrome-as- 
sociated coronaviruses, and filovimses. Bats have several 
physiologic, cellular, and natural history characteristics 
that may make them particularly suited to their role as res- 
ervoir hosts (1,2). 

Chordopoxviridae is a subfamily of Poxviridae that 
contains large double-stranded DNA viruses that replicate 
in the cellular cytoplasm and are known to infect a wide 
range of vertebrates. Many of these viruses cause zoo- 
notic disease in humans. Although poxviruses are known 
to have incorporated host genes into their genomes to 
subvert the host immune system (5), bats and poxviruses 
may also serve as facilitators in the horizontal transfer of 
transposable elements to other species (4-6). We report 
the isolation and characterization of a viable poxvirus 
from bats. 
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The Study 

During 2009-2011, six (5 male and 1 sex unknown) 
adult big brown bats (Eptesicus fuscus) were brought to a 
wildlife hospital and rehabilitation center (PAWS Wildlife 
Center, Lynnwood, WA, USA) during late spring or sum- 
mer because they could not fly. All but 1 of the bats had >1 
visibly swollen and occasionally contused joints involving 
the long bones of the legs and wings; 1 had contusions of 
the oral commissures. 

All bats received care that included antimicrobial drugs 
and nutritional and fluid support. However, minimal or no 
clinical improvement was observed, and the bats showed 
progressive joint swelling and increased lethargy. All bats 
were eventually euthanized. In all instances, gross lesions 
were limited to the joints. 

Bat tissues were sent to a facility that specializes in 
the pathologic analysis of nondomestic species (Northwest 
ZooPath, Monroe, WA, USA) for further investigation. 
Histologic examination showed severe flbrino- suppurative 
and necrotizing tenosynovitis and osteoarthritis that in- 
volved the long bones and occasionally facial flat bones and 
joints with occasional localized vasculitis. No bacterial or 
tungal agents were seen by light microscopy of specimens 
stained with hematoxylin and eosin, Giemsa, Warthin-Star- 
ry. Brown and Brenn, or Gomori methenamine silver stains 
or in a Wright-Giemsa-stained cytologic preparation of a 
joint aspirate. Cultures for aerobic and anaerobic bacteria, 
and cultures of the joint from 1 bat for mycoplasma showed 
negative results. 

Thin-section electron microscopy of synovial tissue 
extracted from a wax histoblock showed poxvirus particles 
in inflammatory cells (Figure 1, panel A). A 906E transmis- 
sion electron microscope (Carl Zeiss, Peabody, MA, USA) 
at an accelerating voltage of 80 kV was used for initial im- 
aging. Digital images were captured by using a 2K ' 2K 
camera (Advanced Microscopy Techniques, Danvers, MA, 
USA). The state veterinarian and the Centers for Disease 
Control and Prevention (Atlanta, GA, USA) were subse- 
quently consulted. 

Material was taken from the wing and joint of an af- 
fected bat for real-time PCR testing and cell culture iso- 
lation. Wing and joint material was positive by real-time 
PCR for a poxvirus with low genomic G + C content (7). 
The elbow joint of 1 bat was then processed for poxvi- 
rus growth in cell culture. The specimen was emulsifled 
in 500 mL of sterile phosphate -buffered saline by using a 
tissue grinder. Viral nucleic acid was extracted by using 
EZl Advanced XL (QIAGEN, Valencia, CA, USA). Ten 
microliters of homogenate was added to 1 mL of RPMI 
1640 medium supplemented with 2% fetal bovine serum, 
L-glutamine, and penicillin/streptomycin. Growth medium 
tfom a T25 flask containing green monkey kidney epitheli- 
al cells (BSC40) was removed and the virus mixture added. 
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Figure 1. A) Electron micrograph 
of poxvirus particles in synovium 
of a big brown bat, northwestern 
United States. B) Negative 
staining of poxvirus particles in 
cell culture supernatant. Scale 
bar = 100 nm. 


The flask was incubated for 1 hour at 56°C, after which 6 
ruL of RPMI 1 640 medium was added to each flask. Cells 
and supernatant were harvested after 95% of the monolayer 
was infected. 

Negative stain electron microscopy was performed by 
using cell culture supernatant. Two microliters of superna- 
tant was pipetted onto a 300-mesh formvar-carbon-coated 
nickel grid. After a 10-min incubation, supernatant was 
blotted and the grid was rinsed. A negative stain composed 
of 5% ammonium molybdate, pH 6.9, and 0.1% trehalose 
(wt/vol) was briefly applied to the grid and blotted. The 
grid contents were visualized by using a Tecnai BioTwin 
electron microscope (FBI Company, Hillsboro, OR, USA) 
operating at 120 kV. Digital images were captured by us- 
ing a 2K ' 2K camera (Advanced Microscopy Techniques). 
Poxvirus particles were identified in cell culture superna- 
tant (Figure 1, panel B). 

Genome sequencing produced data that were used to 
construct a phylogenetic tree (Figure 2). Virus DNA se- 
quence data were collected by using the Illumina platform 
(www . illumina. com/ technology/ sequencingt echnology . 
ilmn). DNA sequences from 7 open reading frames (A7L, 
AlOL, A24R, DIR, D5R, H4L, and J6R, according to ref- 
erence sequence vaccinia virus Copenhagen) were extract- 
ed on the basis of sequence similarity. Data were deposited 
in GenBank under accession nos. KC181855-KC181861. 
Open reading frames were translated into amino acid se- 
quences and aligned by using the ClustalW alignment op- 
tion in Geneious version 6.0.5 (www.geneious.com). The 
tree search was conducted by using MrBayes in Geneious 
6.0.5 under default settings and Amsacta moorei (red hairy 
caterpillar) entomopoxvirus (Moyer) was used as the out- 
group with a bum in of 10%. 

Conclusions 

Historically, osteomyelitis with arthritis has been re- 
ported in smallpox patients (osteomyelitis variolosa) and 


in smallpox vaccine recipients (vaccinia osteomyelitis), but 
did not occur frequently (5). In such cases, variola vims 
particles were detected in joint fluid (9), and vaccinia vims 
was isolated from a bone biopsy specimen of an affected 
limb ( 10 , 11 ). It is unclear whether the manifestation of ar- 
thritis in bats is a normal or rare result of the infection, or 
a new development in the evolution of the vims. Likewise, 
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Figure 2. Maximum clade credibility tree generated by MrBayes 
in Geneious version 6.0.5 {www.geneious.com/) using amino 
acid sequences from 7 open reading frames (final chain length 
240,000 at an average SD of split frequencies of zero) for 
poxviruses. Clade credibility values are indicated at each node. 
The virus isolated in this study is shown in boldface. Amsacta 
moorei (red hairy caterpiller) entomopoxvirus (Moyer) was used 
as the outgroup. Scale bar indicates amino acid substitutions 
per site. 
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the frequency of poxvirus infection in big brown bats is im- 
possible to estimate at this stage. Because the public is gen- 
erally cautioned against handling downed bats because of 
possible rabies infection, underestimation of prevalence is 
likely. Infectious disease surveys of bats might have missed 
the infection up to this point because no obvious lesions are 
apparent on the skin, and swollen joints might have been 
classified as being arthritis without suspicion of infectious 
disease involvement. 

Results of at least 3 investigations that involved detec- 
tion of viral DNA detection in bat guano have been pub- 
lished; 2 involved bats from North America and 1 involved 
bats in China (12-14). No evidence of poxviruses was 
found in the animals investigated in those studies. The zoo- 
notic potential or host range of the virus described herein is 
not known, but at a minimum, the virus could pose a newly 
emergent threat to bat populations. Likewise, it is not clear 
if the infection seen in bats is a result of spillover or possi- 
bly an introduction of the virus into a new area. The isolate 
does not group with any of the 8 characterized genera of 
Chordopoxvims; its nearest neighbor is Cotia virus, an as 
yet unclassified chordopoxvims first isolated from sentinel 
suckling mice in a state reserve in Cotia County, Sao Paulo 
State, Brazil, in 1961 (75). 

Although the 2 virases are nearest neighbors, levels of 
shared nucleotide and amino acid identity between them sug- 
gest they should likely be considered separate genera (Table, 
Appendix, wwwnc . cdc . go v/EID/ article/ 19/6/12-1713-Tl. 

htm). We propose that the bat-derived isolate be distin- 
guished as part of a new lineage with the suggested genus 
designation Chiropoxvims . Further efforts should be under- 
taken to determine whether Cotia vims should be included 
in this genus. The bat-derived vims requires a new species 
designation for which we propose Eptesipox virus because 
of its isolation from an Eptesicus fuscus bat specimen. 
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Encephalopathy in 
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We report an immunocompetent patient who had fatal 
encephalopathy after mild influenza. He rapidly died after 
unusual symptoms related to intracerebral thrombosis 
and hemorrhage. A brain biopsy specimen was positive 
for influenza A(H1N1)pdm09 virus RNA, but a lung 
biopsy specimen and cerebrospinal spinal fluid samples 
were negative. 

I nfluenza-related neurologic complications are rare, es- 
pecially in immunocompetent adults. The clinical signs 
and severity of this pathology are variable. We report a life- 
threatening specific complication of influenza A(HINI) 
pdm09 infection that was responsible for lethal central ve- 
nous thrombosis. 

The Study 

A previously healthy 26-year-old man from northern 
Africa was admitted to our emergency department in Lyon, 
France, in November 2009, during the peak of influenza 
A(HlNl)pdm09 infection in France (7), because of 
cephalalgia, confusion, and lethargy. A Glasgow Coma 
Score was 12. He had no history of influenza vaccination. 
Initial symptoms (fever, cough, and myalgia) began a 
week before admission. Several members of his family had 
similar symptoms. There were no risk factors indicative 
of a complicated disease. Body temperature at admission 
was 36.8°C, and he had no respiratory distress or signs of 
shock. Results of a chest radiograph were normal. 

During the first hours after admission, the patient 
lost consciousness (Glasgow coma score 3), which was 
associated with a seizure. His pupils were anisocoric and 
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nonreactive to light. Intubation was then required to protect 
the airways. A cranial computed tomographic (CT) scan 
showed thrombosis of the superior sagittal sinus associated 
with 3 cerebral hematomas (left frontal and bilateral 
parieto-occipital) and diffuse cerebral edema with signs of 
increased intracranial pressure (Figure). 

Biologic results showed an increased neutrophil 
count (14.5 X 10^ cells/L), thrombocytopenia (25 x 10’ 
platelets/L), and an inflammatory syndrome (C-reactive 
protein level 49.7 mg/L). There was no renal dysfunction 
and no increases in levels of serum lactate or abnormalities 
in levels of cardiac, hepatic, and pancreatic enzymes. 
Toxicology screening showed no alcohol or drugs present. 
Results of thrombophilia screening (standard blood 
coagulation tests and tests for antibodies against thrombin 
III and phospholipid) were negative. 

Real-time PCR for nasopharyngeal swab specimens 
rapidly confirmed influenza A(H 1 N 1 )pdm09 infection. Test 
results for cerebrospinal fluid (CSF) (3 12,000 erythrocytes/ 
mm^, 1,000 leukocytes/mm^, glucose level 0.84 mmol/L, 
and protein level 2.7 g/dL) were not informative because of 
massive hemorrhaging. Results of real-time PCR for CSF 
were negative for influenza A(HlNl)pdm09 virus, herpes 
simplex virus (HSVl and HSV2), and enterovirus. Results 
of serologic analyses for infectious agents often associated 
with encephalopathy (cytomegalovirus, Epstein-Barr 
vims, HSV, mbella vims, enteroviras, and Mycoplasma 
pneumoniae) were negative. The patient was also negative 
for HIV. Surgery was not considered because the neurologic 
condition was irreversible. Two electroencephalographic 
records showed no cerebral activity, confirming this poor 
prognosis. The patient died 72 hours after admission. 

An autopsy was performed. Macroscopic examination 
showed a congested and edematous brain. Thrombosis of 
the superior sagittal sinus was caused by a platelet-fibrin 
thrombus. Acute subarachnoid hemorrhage was found 
with multiple intraparenchymal infarcts involving the 
frontal and parietal lobes. Cerebral tonsillar and bilateral 
uncal herniations were noted. Inflammatory infiltrates were 
scarce, and few perivascular lymphocytes were found. 
Immunohistochemical analysis showed no macrophagic 
infiltration, suggesting recent (<3 days) infarcts. A brain 
biopsy specimen was positive by real-time PCR for 
influenza A(HlNl)pdm09 vims RNA, but a lung biopsy 
specimen was negative by real-time PCR and culture. 

Conclusions 

We describe fatal encephalitis in the form of central 
venous thrombosis associated with influenza A(H IN 1 )pdm09 
vims infection in an immunocompetent man. Influenza- 
associated encephalopathy (lAE) is a rare complication 


Vhese authors contributed equally to this article. 


Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 6, June 2013 


1005 



DISPATCHES 



Figure. A) Noncontrast cranial computed 
tomographic (CT) scan of a 26-year-old 
immunocompetent man with influenza, 
showing diffuse cerebral edema (Ed) 
and bilateral parieto-occipital hematoma 
(H). B) Cranial CT scan with contrast 
injection, showing diffuse cerebral 
edema (Ed) and cord sign (arrow) 
related to a venous thrombosis (VT) of 
the superior sagittal sinus. 


of a common disease and is more frequently described in 
children (1—4 cases/100,000 person-years) (2,3). In children, 
lAE related to seasonal influenza results in variable relapse 
and a mortality rate as high as 30% (5). In adults, seasonal 
lAE is infrequent and poorly characterized (4). Symptoms 
in the patient were typical of neurologic disorders of lAE, 
including disorientation, meningismus, agitation, seizures, 
and coma (2,4). The incidence of neurologic complications 
from influenza A(HlNl)pdm09 has not been determined, 
and it is not clear whether this pandemic was associated with 
increased neurologic complications compared with those of 
seasonal influenza (5). 

Several series of neurologic complications, especially 
those involving children, have been published and 
occasionally reported poor prognosis (5-7). To our 
knowledge, only a few reports have described cases in 
adults (8-12). A 20-year-old man had refractory seizures in 
association with malignant edema and survived with severe 
neurologic sequelae (5). A 22 year-old woman showed 
development of persistent Parkinsonian features and 
hypothalamic dystunction manifestations after lAE (9). As 
in our patient, these 2 patients had no respiratory distress. A 
40-year-old patient had prolonged hypoxemia secondary to 
the acute respiratory distress syndrome (ARDS) associated 
with acute hemorrhagic leukoencephalitis, which was 
responsible for severe disability (10). Two patients had 
fatal cerebral edema and transtentorial brain herniation 
syndrome associated with ARDS and renal failure (12). 

The pathogenesis of lAE remains unclear (2). As 
demonstrated in the case reported, influenza virus is rarely 
detected in CSF and pleiocytosis is often absent, suggesting 
that direct invasion by influenza A virus is unlikely to be 
the cause of encephalopathy (2). Hematogenous spreading 
is unlikely because viremia is rare in humans, and influenza 
virus-associated neurotropism has not been demonstrated. 
In addition, influenza vims viremias are often associated 
with ARDS caused by massive vims replication in the lungs 
during infection, but our patient had no pulmonary infection. 


Pathogenesis might be related to ahyperactivated cytokine 
response in the context of a systemic inflammatory response 
syndrome. In patients with influenza encephalopathy, levels 
ofproinflammatory cytokines and soluble cytokines receptors 
are increased in semm and CSF (75). Symptoms may be 
caused by cytokines, which could cause direct neurotoxic 
effects, cerebral metabolic changes, or breakdown of the 
blood-brain barrier (endothelial injury) (14). However, lack 
of benefit from use of steroids or intravenous immunoglobulin 
for influenza-associated encephalopathy does not support this 
potential mechanism (4). 

Neuroimaging findings by CT or magnetic resonance 
imaging (MRI) for this pathogenic process usually include 
focal or diffuse cerebral edema, necrosis (especially in 
children), demyelinization or hemorrhagic injury (2). 
Patients exhibiting neuroradiographic abnormalities have 
more severe sequelae or higher mortality rates than patients 
with normal CT or MRI results (4). Influenza A(HINI) 
pdm09 vims infections might be associated with increased 
abnormalities detected by MRI compared with those 
associated with seasonal influenza (6). To our knowledge, 
there has been no report of lAE related to cerebral venous 
thrombosis, including influenza A(HlNl)pdm09 infections. 

Histologic abnormalities of the brain are often absent 
in patients who die with clinical signs of lAE (75). Influenza 
vims antigens are generally not detected in the brain (5). We 
found evidence of direct viral neuroinvasion and positive 
results by real-time PCR for a brain biopsy specimen for 
influenza A(HlNl)pdm 09 vims RNA, which indicates 
microbiologically documented encephalitis associated with 
influenza A(HlNl)pdm09 infection. 

In summary, lAE is a rare complication of a common 
disease that was also diagnosed during the influenza 
A(HINI) 2009 vims pandemic. Cases in adults usually 
remain mild, but our results show that clinicians should be 
alert to potential neurologic complications of influenza, even 
without respiratory symptoms. The severity of neurologic 
sequelae warrants investigation of these sporadic cases. 
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Increased knowledge of host-virus interaction in the brain 
and necropsy studies of cases with cerebral involvement 
could provide better understanding of this interaction. 
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Recombinant 
Vaccine-derived 
Poiioviruses in 
Healthy Children, 
Madagascar 

To the Editor: Poliomyelitis 
outbreaks caused by pathogenic 
vaccine-derived polioviruses (VDPVs) 
are primarily a result of low polio 
vaccine coverage. Low coverage 
enables interhuman circulation of 
polioviruses (PVs) from the oral polio 
vaccine (OPV), and it enables genetic 
drift of the viruses and their subsequent 
reversion to neurovirulent phenotypes 
(7). Polio outbreaks associated with 
type 2 or 3 VDPVs (VDPV2s or 
VDPV3s) were reported in 2001- 
2002 and 2005 in Toliara Province 
in southern Madagascar (2,3). These 
VDPVs were found in patients with 
acute flaccid paralysis (AFP) and in 
healthy children who were contacts 
of the patients with AFP (2,4). The 
genomes of these VDPVs belong to 
several independent, complex mosaic 
recombinant lineages composed 
of sequences derived from vaccine 
polioviruses and other co-circulating 
species C human enteroviruses (human 
EV-C) (4,5). The 2001-2002 and 2005 
outbreaks in Toliara Province were 
stopped after rapid and efficient OPV 
vaccination campaigns. 

No polio cases have been 
detected in Madagascar since 2005. 
Flowever, OPV coverage fluctuates 
in Toliara Province. In June 2011, to 
determine if VDPVs were circulating 
in the province, we collected fecal 
samples from 616 healthy residents 
<5 years of age (Madagascar Ethics 
Committee agreement 011-MSANP/ 
CE). Sample extracts were used to 
inoculate human RD and HEp-2c 
cells and mouse L cells expressing the 
human poliovirus cellular receptor 
CD155 (L20B cells) (6). Of the 616 
samples, 238 induced cytopathogenic 
effects in human cells, of which 20 
also induced cytopathogenic effects 


in L20B cells; the latter samples were 
confirmed by reverse transcription 
PCR molecular testing (7) to contain 
PV strains. All PV isolates originated 
from children who had not received 
OPV in the 30 days before samples 
were collected. 

We sequenced the genomic 
regions encoding the capsid viral 
protein (VPl) of the 20 isolates 


A 



confirmed to contain PV strains: 3 
type 2 PV isolates showed >0.5% nt 
sequence divergence from the type 2 
OPV strain (Sabin 2) and were thus 
identified as potentially pathogenic 
VDPV2S. Two of these VDPV2s 
carried numerous mutations in the 
VPl region (903 bp): isolates MAD- 
2593-11 (30 nt mutations) and MAD- 
2642-11 (33 nt mutations). The third 




Figure. Phylogenetic trees showing genetic relationships between sequences of vaccine- 
derived poliovirus (VDPV) isolates. The trees are based on nucleotide sequence 
alignments of various subgenomic regions. Multiple sequence alignments were performed 
with CLC Main Workbench 5.7.2 software (CLC bio, Aarhus, Denmark). Phylograms were 
constructed with MEGA4 (http://megasoftware.net/mega4/mega.html), using the Jukes- 
Cantor algorithm for genetic distance determination and the neighbor-joining method. The 
robustness of the resulting trees was assessed with 1,000 bootstrap replications. A) Tree 
built from 712-bp fragments of the 5'-untranslated region (nt 36-747, with reference to 
Sabin 2 nucleotide numbering). B) Tree built from 2,637-bp fragments of the PI region (nt 
748-3,384). C) Tree built from 1,725-bp fragments of the P2 region (nt 3,385-5,109). D) 
Tree built from 2,259-bp fragments of the P3 region (nt 5, 11 0-7,368). Names (isolate name- 
accession no.) are VDPV isolates recovered in Madagascar in 2011, 2005, and 2001- 
2002, respectively. Sequences of other isolates (CV-A11, 13, and 17) from Madagascar 
were also used. The percentage of bootstrap replicates is indicated at nodes if >70%. 
The length of branches is proportional to the number of nucleotide differences (percent 
divergence). Scale bars indicate geneticdistances. A color version of this figure is available 
online (wwwnc.cdc.gov/EID/article/191 6/1 3-0080-F1.htm). 
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VDPV2, MAD-2675-11, carried 6 nt 
mutations. The nucleotide differences 
between Sabin 2 and MAD-2593-11 
(3.3%) and MAD-2642-11 (3.6%) 
suggest that these VDPV2s had been 
multiplying or circulating for =3.0 
years, and the differences between 
Sabin 2 and MAD-2675-11 suggest it 
had been multiplying or circulating for 
=0.5 year. Almost complete genomic 
sequencing, from nt 36 to nt 7,420 
(Sabin 2 numbering), was subsequently 
performed (EMBL accession nos. 
HF913426-HF913428). 

Isolate MAD-2675-11 was 
shown to be a mutated Sabin 2 PV, 
but isolates MAD-2593-11 and 
MAD-2642-11 displayed mosaic 
recombinant genomes composed 
of sequences derived from Sabin 
2 and other human EV-Cs. Both 
recombinants had the 5 '-untranslated 
region (UTR), the nonstructural P2- 
P3 regions, and the 3'-UTR derived 
from non-PV human EV-C. The 2 
recombination sites were similarly 
located in each of these recombinant 
genomes (approximately at nt 760 
and nt 3,368) at the 2 extremities of 
the structural genomic PI region. 
Although these recombinants appeared 
to be related, they had different non- 
PV human EV-C sequences in the 
P2-P3 region and the 3'-UTR (6.0%- 
20.0% nt sequence difference). The 
phylogenetic relationship of these 
isolates to the previous Madagascar 
VDPV2s was assessed: the 2011 
isolates originated from 2 novel, 
independent events (Figure). The 2011 
VDPVs had lost the major attenuating 
determinants in the 5'-UTR (guanine 
to adenine at nt 481) and VPl region 
(isoleucine to threonine at codon 143) 
regions (5). This finding strongly 
suggests that the 2011 VDPVs had 
regained a degree of neuro virulence. 

Although there is currently no 
evidence of AFP cases linked to 
these new VDPVs, their detection 
in 3 children and their genetic 
characteristics strongly suggest 
insufficient OPV coverage in Toliara 


Province. We could obtain proof of 
vaccination (vaccination card) for 
only 27% of the participants. To 
prevent a third poliomyelitis outbreak, 
the Ministry of Health of Madagascar 
organized house-to-house OPV 
vaccination campaigns within Toliara 
Province in October and December 
2011 and in January 2012. No polio 
cases have been reported in the 
province since then, suggesting that 
VDPV circulation was limited or 
stopped by these campaigns. 

Massive OPV immunization 
campaigns worldwide have greatly de- 
creased the frequency of poliomyelitis 
caused by wild-type PVs. However, 
after the disease has been eliminated 
in developing countries, low polio 
vaccine coverage frequently enables 
the emergence of VDPVs or the 
reintroduction of wild-type PV from 
disease-endemic countries; both 
scenarios threaten the success of the 
poliomyelitis eradication program 
{ 9 , 10 ). More than 640 polio cases 
caused by circulating VDPVs have 
been reported in 21 developing 
countries. We have shown that even in 
the absence of polio cases, potentially 
pathogenic circulating VDPVs can be 
detected in fecal samples collected 
from children living in areas with 
fluctuating and often low polio vaccine 
coverage. Thus, such sampling can 
help determine whether vaccine 
campaigns should be implemented 
in areas where polio could reemerge. 
In Madagascar, vaccination appears 
to have cleared emerging VDPVs 
and to have prevented polio cases in 
children. 
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Hepatitis E 
Outbreak, Dadaab 
Refugee Camp, 
Kenya, 2012 

To the Editor: Hepatitis E vi- 
rus (HEV) is transmitted through 
the fecal-oral route and is a common 
cause of viral hepatitis in developing 
countries. HEV outbreaks have been 
documented among forcibly displaced 
persons living in camps in East Africa, 
but for >10 years, no cases were docu- 
mented among Somali refugees { 1 , 2 ). 
On August 15, 2012, the US Centers 
for Disease Control and Prevention 


(CDC) in Nairobi, Kenya, was noti- 
fied of a cluster of acute jaundice syn- 
drome (AJS) cases in refugee camps 
in Dadaab, Kenya. On Sepfember 5, 
a CDC epidemiologist assisted the 
United Nations High Commissioner 
for Refugees (UNHCR) and its part- 
ners in assessing AJS case -patients in 
the camp, enhancing surveillance, and 
improving medical management of 
case -patients. We present the epidemi- 
ologic and laboratory findings for the 
AJS cases (defined as acufe onsef of 
scleral icterus not due to another un- 
derlying condition) identified during 
this outbreak. 

Dadaab refugee camp is located in 
eastern Kenya near the border with So- 
malia. It has existed since 1991 and is 
the largest refugee camp in the world. 
Dadaab is composed of 5 smaller 
camps: Dagahaley, Hagadera, Ifo, 
Ifo II, and Kambioos. As of Decem- 
ber 2012, a total of 460,000 refugees, 
mainly Somalians, were living in the 
camps; >25% were recent arrivals dis- 
placed by the mid-2011 famine in the 
Horn of Africa (5). Overcrowding and 
poor sanitation have led to outbreaks 
of enteric diseases, including cholera 
and shigellosis (4); in September 2012, 
an outbreak of cholera occurred simul- 
taneously with the AJS outbreak. 


During July 2-November 30, 
2012, a total of 339 AJS cases were 
reported from the camps and 2 nearby 
villages: 232 (68.4%) from Ifo II, 57 
(16.8%) from Kambioos, 26 (7.7%) 
from Ifo, 12 (3.5%) from Dagahaley, 
10 (3.0%) from Hagadera, and 1 each 
(0.6%) from the nearby Kenyan vil- 
lages of Biyamadow and Darkanley. 
The epidemic curve of the outbreak is 
shown in the Figure. 

Of the 339 AJS case -patients, 
184 (54.3%) were female. The over- 
all median age was 23.5 years (range 
1 month-91 years). The median age 
among female and male residents was 
24 years and 20 years, respectively. 
Among the 134 women of reproduc- 
tive age (15-49 years), 72 (53.7%) 
reported being pregnant; the median 
gestational age was 17.4 weeks (range 
8.7-35.3 weeks). Death was reported 
for 10 of the 339 case-patients (case- 
fatality ratio 2.9%), 9 of whom were 
postpartum mothers (case-fatality ra- 
tio 12.5%) and 1 a 2-year-old child. 

Serum samples were obtained 
from 170 (50.1%) AJS case-patients 
for testing at the Kenya Medical Re- 
search Institute/CDC laboratories in 
Nairobi, Kenya. Of the 170 samples, 
148 were tested for hepatitis E vi- 
rus (HEV) IgM by using an ELISA 



Jul 1 Aug 1 Sep 1 Oct 1 Nov 1 Dec 1 


Date seen at facility 

Figure. Cases of acute jaundice syndrome, Dadaab, Kenya, July-November 2012. The 
arrow indicates the point at which outbreak control measures (e.g., construction of new 
latrines and hygiene messaging) were initiated by health authorities. 
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(Diagnostic Systems, Saronno, Italy), 
and 93 were tested for HEV RNA by 
using the GeneAmp Gold RNA PCR 
Reagent Kit (Applied Biosystems, 
Foster City, CA, USA). Of the 170 
samples tested, 131 (77.1%) were 
positive for HEV IgM, HEV RNA, or 
both: 120 (81.1%) of 148 tested for 
HEV IgM and 48 (51.6%) of 93 tested 
for HEV RNA were positive. In re- 
sponse to the outbreak, UNHCR and 
partners initiated control measures, 
including training of health care work- 
ers, increasing community awareness, 
improving hygiene promotion activi- 
ties, and hastening latrine construction. 

The outbreak also affected refu- 
gee resettlement to the United States 
and other countries. At the onset of the 
outbreak, =100 Dadaab refugees per 
month were scheduled for US resettle- 
ment. The incubation period for HEV 
is 15-60 days (5); thus, there was con- 
cern that refugees could become ill in 
transit or within weeks of US resettle- 
ment. Acute HEV infection, including 
progression to fulminant hepatitis, had 
been reported among travelers return- 
ing from regions where the disease 
is endemic (6). As a precaution, the 
International Organization for Migra- 
tion and CDC conducted heightened 
AJS surveillance during pre-departure 
and arrival health screenings. As of 
February 2013, no cases of AJS were 
reported among refugees from Dada- 
ab who resettled in the United States. 

Dadaab has faced grave insecu- 
rity: aid workers were abducted from 
the camp in late 2011, and Dadaab 
has experienced numerous blasts from 
explosive devices (7). Thus, UNHCR 
and CDC have been limited in their 
capacity to collect data and conduct 
a thorough outbreak investigation to 
identify risk factors. An earlier study 
in the Shebelle region of Somalia sug- 
gested an increased incidence of HEV 
during the rainy season and elevated 
risk for infection in villages dependent 
on river water (5). Further evaluation is 
needed to identify the risk factors for 
HEV transmission and HEV-associated 


deaths in this region, including the role 
of person-to-person transmission. UN- 
HCR and CDC investigations of HEV 
outbreaks in refugee camps in south- 
ern Sudan may provide data to answer 
these questions. 

HEV is believed to have infected 
humans for centuries (9); however, the 
reemergence of the disease in refugee 
camps is a major concern because of 
the difficulty in implementing effec- 
tive preventive measures under camp 
conditions. Point-of-care tests will be 
useful for rapidly detecting outbreaks 
and could potentially save lives. The 
progress made in developing effective 
vaccines is encouraging (10). Once 
available, HEV vaccination should be 
prioritized in this population, especial- 
ly for pregnant women. 

All work related to this report was 
funded by the US Centers for Disease 
Control and Prevention and the United 
Nations High Commissioner for Refugees. 
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Wild Poliovirus 
Importation, 
Central African 
Republic^ 

To the Editor: Since the 

Global Polio Eradication Initiative 
was launched in 1988, indigenous 
transmission of wild poliovirus 
(WPV) has been interrupted in 
all countries except Afghanistan, 
Pakistan, and Nigeria (7). However, 
during 2003-20 1 1 , outbreaks resulting 
from importation of WPV occurred 
in 29 previously polio-free countries 
in Africa, including Central African 
Republic (CAR) (7-5). In 2011, 350 
WPV cases were reported from 12 
countries in Africa, a 47% decrease 
from the 657 cases reported by 12 
countries in Africa in 2010 (7). 

In CAR, the last case of 
poliomyelitis caused by indigenous 
transmission of wild poliovirus was 
reported in 2000, but importation of 
WPV type 1 has been reported {4). We 
describe the importation of WPV 1 and 
WPV3 into CAR during successive 
events in 2008, 2009, and 2011. 

To investigate importation of 
WPV into CAR, we conducted a 
study using fecal samples collected 
from patients in CAR who had acute 
flaccid paralysis (AFP) during 2008- 
2011. The samples were analyzed for 
virus isolation, typing, and infratypic 

'Data from this report were presented to the 
Global Polio Laboratory Network, Geneva, 
Switzerland, and at the First International 
Conference of the African Society of 
Laboratory Medicine, 2012 Dec 1-7, Cape 
Town, South Africa. 


differentiation at the Regional 
Reference Laboratory for Polio, 
Institut Pasteur de Bangui, using 
World Health Organization (WHO) 
standard procedures (5). Isolated 
WPV strains were sent to the Centers 
for Disease Control and Prevention 
(Atlanta, Georgia, USA) or the 
National Institute for Communicable 
Diseases (Johannesburg, South 
Africa) for sequencing according to 
WHO guidelines (6-8). Cases were 
classified as laboratory confirmed or 
polio-compatible according to WHO 
recommendations; a polio-compatible 
case was defined as AFP for which 
sfool samples were not adequate or a 
situation in which the patient was lost 
to follow up or had residual paralysis 
60 days after testing. 

Of 141 AFP cases from 2008, 
three, from Bangui, Ouham, and Ouaka 
districts, were laboratory confirmed as 
WPVl; this cluster was designated 
B2D1B (Figure). Sequencing results 
showed that the virus in this cluster 
belonged to the South Asia A (Indian) 


genotype, which was circulating in 
Angola and Democratic Republic of 
Congo at that time (Figure). 

Of 163 AFP cases from 2009, 
14 in Ouham-Pende district were 
laboratory confirmed as WPV3; this 
cluster was designated D2B2B1. 
Sequencing results showed that the 
virus in this cluster belonged to 
West Africa B genotype, which was 
circulating in Nigeria and southern 
Chad at that time (Figure). 

Of 142 AFP cases from 2011, 
four in Ouham district were laboratory 
confirmed as WPVl; this cluster was 
designated I6C2B4C1A2. Sequencing 
results showed that the virus in this 
cluster belonged to West Africa 
B genotype, which was circulating 
in south Chad and Nigeria at the 
time (Figure). 

The importation ofwild poliovirus 
strains into CAR appeared to follow 
3 different routes. In 2008, WPVl 
originated from Democratic Republic 
of Congo and was first detected in the 
capital, Bangui, which is located in 



Figure. Clusters of polio cases caused by wild poliovirus importations, Central African 
Republic, 2008-2011. Each circle represents 1 case of acute flaccid paralysis confirmed 
as polio. Black circles, cluster B2D1B, 2008 poliovirus (PV) type 1 SOAS importation from 
Democratic Republic of Congo (DR Congo); white circles, cluster D2B2B1, 2009 PV3 
WEAF-B importation from Nigeria and southern Chad; gray circles, cluster I6C2B4C1A2, 
2011 PV1 WEAF-B importation from southern Chad. 
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the southern part of the country. Two 
more cases were detected in 2 other 
districts, in the north (Ouham) and 
in the middle (Ouaka) of the country. 
During that year, 2 AFP cases were 
classified as polio-compatible; these 
cases originated from Haute Kotto 
and Ouham districts. In 2008, routine 
coverage of oral polio vaccine (OPV) 
was45%, 33%, and 57% for Bangui and 
Sanitary Regions 3 and 4, respectively. 
(Sanitary regions are equivalent to 
provinces and have several districts 
under their jurisdiction; Bangui 
is considered a Sanitary Region 
containing 8 districts.) To interrupt 
wild poliovirus circulation, health 
authorities implemented 4 rounds of 
national immunization days, 2 using 
monovalent OPV (mOPV) type 1 
and 2 using trivalent OPV; 1 local 
immunization day using mOPVl was 
also instituted. 

In 2009, WPV3 was imported from 
southern Chad to the Ouham-Pende 
district in CAR. This insecure district 
is difficult to access, but routine OPV 
coverage was reported as 6 1 % for 2009, 
compared with the country’s official 
OPV coverage of 55%. The apparently 
higher coverage in areas of insecurity 
is likely the result of inaccurate target 
population estimates. Five additional 
AFP cases were classified as polio- 
compatible; these occurred in Ouham 
(1), Ouham Pende (2), Mambere Kadei 
(1), and Mbomou (1) districts. To 
interrupt wild poliovirus circulation, 8 
supplementary immunization activities 
were organized. 

The 2011 polio outbreak occurred 
in the district of Ouham and was 
caused by WPVl poliovirus imported 
from southern Chad (Figure). 
Fourteen additional cases of AFP 
were classified as polio-compatible; 
these occurred in Ouham-Pende (6), 
Ouham (1), Ombela M’Poko (1), 
Kemo (1), Ouaka (1), Haute Kotto (2), 
and Mbomou (2) districts. Routine 
OPV coverage for this insecure and 
difficult-to-access region was 55% for 
2010 and 58% for 2011. 


CAR is one of the countries with 
the highest predicted risk for WPV 
circulation after importation (9). The 
3 WPV importation events we report 
demonstrate that current immunization 
levels in this country are insufficient 
to guard against polio. High, sustained 
levels of routine OPV coverage in 
every district, supplemented by high- 
quality supplementary immunization 
activities, will help prevent future 
outbreaks. Surveillance standards 
must also be maintained to ensure the 
rapid detection of WPV importation, 
thus enabling timely response and 
containment. 
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Human Gyrovirus 
in Healthy Blood 
Donors, France 

To the Editor: Gyroviruses 

(Gy Vs) are naked, single-stranded 
DNA viruses that were deseribed in 
ehiekens in 1979 (7). Chieken anemia 
virus (CAV), initially the sole mem- 
ber of the genus Gyrovirus (family 
Circoviridae), possesses a genome of 
»2.3 kb, eontaining 3 major partially 
overlapping open reading frames, vi- 
ral proteins [VP] 1-3, and a short un- 
translated region (7). For >30 years, 
this virus, whieh was responsible for 
severe anemia and inereased death 
rates in young ehiekens, was eonsid- 
ered to have an extremely low genetie 
diversity and to be specifie to this ani- 
mal host. In 201 1, however, sequenee- 
independent molecular protocols en- 
abled the characterization of highly 
divergent, GyV-related sequences in 
human and chicken biological sam- 
ples. Human GyV 1 (HGyVl), avian 
GyV 2, and GyV3 sequences were 
identified from human skin, chicken 
blood, and human feces, respectively 
{2-4). These genomes harbor a genetic 
organization similar to CAV, despite a 
high genetic divergence (49%-65%). 

One study described the detection 
of Gy Vs in HIV-positive patients and 
kidney transplant recipients (0.7% and 
6%, respectively) (5), but these viruses 
had not been identified in blood sam- 
ples from healthy persons. We investi- 
gated the presence of HGyV DNA in 
352 blood samples from healthy blood 


donors in France (mean age 39 years; 
185 men; M:F ratio 1:1.11). 

Plasma samples were prepared as 
described (6), and 1-mL aliquots were 
used for nucleic acids extraction (Mag- 
NApure LC; Roche Diagnostics, Mey- 
lan, France). HGyV DNA was detected 
by using 2 systems in separate real-time 
TaqMan amplification assays (StepOne 
Plus; Applied Biosystems, Courta- 
boeuf, France). The first detection assay 
(VPl gene) was described previously 
(HGyV-rtFP/HGyV-rtRP primers, 
HGyV-rtP probe, 72 nt) (5). The sec- 
ond assay was designed following the 
analysis of available HGyV sequences 
(Figure): sense primer HGyVsPBs 
5'-GCTAAGACTGTRACATGGC-3', 
reverse primer HGyVsPBr 5'-CTC- 
CGGGAATAGCGTCTTC-3', probe 
HGyVsPBp 5'-FAM-TGGCACTG- 
GAGACACAGACTGCG-TAM- 
RA-3'. This assay targets the VP2 gene 
of the viral genome, with an expected 
length of 1 1 8-1 1 5 bp, depending on the 
reference sequence considered. 

Amplification reactions were per- 
formed by using 10% of extracted ma- 
terial with the TaqMan Fast Universal 
PCR Kit (Applied Biosystems) in a 
final volume of 20 pL. Cycling condi- 
tions for both assays were 95°C for 20 
s, followed by 50 cycles of 95°C for 
1 s and 60°C for 20 s. The sensitiv- 
ity of TaqMan assays was estimated to 
be 10 copies of HGyV DNA by using 
dilutions of a synthetic template. Each 
amplification product was subjected to 
additional agarose gel electrophoresis 
to help eliminate potential false-nega- 
tive real-time PCR results. 


Among the 352 plasma samples 
tested, 3 (0.85%) resulted in a positive 
signal by using our in-house real-time 
detection assay; no positive signal was 
identified by using the other system 
tested. When the tests were repeated, 
identical results were obtained. No 
additional amplicons were identifi- 
able after agarose gel analysis. HGyV 
DNA titers in the 3 positive samples 
were low (<500 copies/mL plasma). 
Positive blood samples originated 
from 1 woman (age 44) and 2 men 
(ages 29 and 39). No biological or se- 
rologic marker evaluated for routine 
blood donor screening in France was 
associated with these donations. 

Partial HGyV sequences obtained 
were cloned and sequenced (7 clones 
each). All sequences characterized 
clustered with HGyVl sequences, ex- 
hibiting either 100% nucleotide iden- 
tity or 1 point mutation (correspond- 
ing to a nonsynonymous substitution, 
ala — >thr) (Figure). No intragenetic 
diversity was identified. 

Our results demonstrate that re- 
cently discovered HGyVs are detect- 
able in blood of healthy persons. The 
low prevalence (0.85%) suggests, 
however, that the virus is infrequent- 
ly found in the general population in 
France. A study from Italy of HGyVs 
in blood from healthy donors did not 
detect such viruses (5). This result 
may be linked to the small number of 
samples tested (n = 50) or to the use 
of a nonoptimized detection system 
designed on the basis of HGyVl se- 
quences only; moreover, the possibil- 
ity that the VPl and VP2 amplified 


9B1 acatggcAAGACTACGAAGAAGACGACCTCGCGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 

9F2 acatggcAAGACTACGAAGAAGACGACCTCGCGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 

13F1 acatggcAAGACTACGAAGAAGACGACCTCACGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 

HGyVl - 915 acatggcAAGACTACGAAGAAGACGACCTCGCGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 
HGyVl-CL33 acatggcAAGACTACGAAGAAGACGACCTCGCGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 
AGV2 acatggcAAGATTACGACGACGACGACCTCGTGGACGCTTTGGCTTCTACCACAGAGGACGATGGCACTGGAGACACAGACTGCGACgaagacg 

GyV3 acatggcTAGA CGATTTCGCCGGCACAGAGGAAAGTTCGGATACTACAGACGGGGAAGATGGCACTGGAGACACAGACTGCGACgaagacg 

*★*♦★** *** »* ** * ♦ *★* **************************X******* 

Figure. Alignment of partial sequences of human gyroviruses (HGyVs) from healthy blood donors, France. Point mutation corresponding 
to a nonsynonymous substitution is in boldface (13F1 isolate). Reference sequences and GenBank accession nos.: HGyVI-915, 
FR823283; HGyV1-CL33, JQ308212; avian gyrovirus (AGV) 2 , JQ690763; gyrovirus (GyV) 3, JQ308210). Bar above sequences 
indicates location of the HGyVsPBp probe; lowercase letters indicate 573' ends of HGyVsPBs/HGyVsPBr real-time primers; asterisks (*) 
indicate conserved positions. 
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regions would be conserved differ- 
ently must be considered. 

It is probable that subsequent 
sequences of HGyVs remain to be 
identified in human blood. A recent 
study reported the characterization 
of a highly divergent GyV sequence 
(GyV4) in human fecal samples and 
chicken meat (7); as with avian GyV2 
and GyV3, further research is needed 
to determine whether this variant rep- 
licates in the human body or is solely 
ingested in food and passively excret- 
ed. A better knowledge of the genetic 
diversity of these newly discovered 
viruses will enable development of 
improved molecular detection sys- 
tems and their subsequent use in epi- 
demiologic studies involving diverse 
human cohorts. 

The potential clinical importance 
of HGyVs remains to be clarified. Al- 
though infection with CAV in birds 
is frequently associated with clini- 
cal signs and disease, the presence of 
HGyVs in immunocompromised or 
immunocompetent humans does not 
appear to be correlated with visible 
symptoms. Further studies of the natu- 
ral history and distribution of HGyVs 
in human hosts are needed. 
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Vibrio cholerae 
01 Isolate with 
Novel Genetic 
Background, 
Thaiiand-Myanmar 

To the Editor: Vibrio cholerae 
Ol, a causative agent of cholera, was 
classified into 2 biotypes, classical and 
El Tor (7). However, accumulating 
evidence suggests that atypical El Tor 
V. cholerae, which possesses traits of 
both classical and El Tor biotypes, has 
replaced the seventh pandemic pro- 
totypic El Tor V. cholerae worldwide 
in recent years. Cholera outbreaks 


in Thailand during 2007-2010 were 
caused by atypical El Tor isolates car- 
rying the classical type cholera toxin 
gene (2). Epidemiologic surveys in a 
Thaiiand-Myanmar border area during 
2008-2012 yielded more than 500 iso- 
lates of V. cholerae Ol. We identified 
an isolate that possessed the typical El 
Tor type cholera toxin gene (genotype 
3) and designated it MS6 (later as- 
signed strain number DMST28216). It 
does not belong to either the seventh 
pandemic prototypic biotype identified 
in 1961 or the group of atypical El Tor 
strains found during 1991-present (5). 

MS6 was isolated from stool 
samples from a 26-year-old woman 
(migrant worker) from Myanmar who 
had been admitted to Mae Sot General 
Hospital in Tak Province, Thailand, 
for 3 days with vomiting, watery diar- 
rhea, nausea, fever, and headache. The 
illness was considered mild to mod- 
erate. Acute gastroenteritis was diag- 
nosed on the basis of the symptoms 
and laboratory results. The key viru- 
lence factors of V. cholerae Ol include 
cholera toxin (CTX), which is respon- 
sible for profuse watery diarrhea, and 
a pilus colonization factor known as 
toxin-coregulated pilus (TCP). The 
virulence-related genes {ctxAB and 
tcpA) and the phage repressor gene 
{rstR) of MS6 had identical sequences 
to those of the seventh pandemic pro- 
totypic El Tor V. cholerae Ol N 16961 
strain. The isolate was found to be 
positive for enteric bacteria in the 
Voges-Proskauer test and resistant to 
polymyxin B (50 units). We further 
investigated 2 gene clusters. Vibrio 
seventh pandemic island I (VSP-I) 
and II (VSP-II), associated with the 
seventh pandemic strains and absent 
in classical and pre-seventh pandemic 
strains {4-7). The common genes on 
the VSP-I island in N1 696 1 , including 
VC0175, VC0178, VC0180, VC0181, 
and VC0183, were detected by PCR 
(8) in MS6 but were lacking in VSP- 
II; 26.9 kb of VSP-II was originally 
found in N 16961. Moreover, PCR 
analysis showed that the isolate did not 
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possess the VC2346 gene, a specific 
marker of the seventh pandemic clone 
(5,9). However, we found a VC2346 
homolog with 83.9% sequence identi- 
ty with VC2346 at the nucleotide level 
and 97% at the amino acid level in 
the 624-bp region. The coding region 
of the homolog is considered to be 
shorter than VC2346 (684 bp) because 
it contains the stop codon, TAG. This 
homolog was identified in environ- 
mental, classical, or pre-seventh pan- 
demic strains of V. cholerae 01 (5), 
including MS6, and in 2740-80 (US 
Gulf Coast, 1980), 3569-08 (US Gulf 
Coast, 2008), BX33026 (environmen- 
tal water in Australia, 1986), RC27 
(classical, human isolate in Indonesia, 
1991), 0395 (classical, human isolate 
in India, 1965), MAK757 and M66-2 
(pre-seventh pandemic, human isolate 
in Indonesia, 1937), and NCTC 8457 
(pre-seventh pandemic, human isolate 
in Saudi Arabia, 1910), excluding sev- 
enth pandemic strains. 

This conservation of the homo- 
logue of VC2346 in strains isolated 
over the course of a century and the 
geographic distribution of the strains 


suggest a notable biologic function 
and a specific marker. In addition, we 
determined the sequences of 15 house- 
keeping genes which exhibited se- 
quence variations in toxigenic V. chol- 
erae (10). The results indicated that by 
comparison, MS6 is closely related to 
the US Gulf clones (Figure). However, 
2 genes, malP and pepN, of MS6 are 
remotely related to them and are novel 
sequence types, based on results of a 
BLAST (http://blast.ncbi.nlm.nih.gov/ 
Blast.cgi) search. Antimicrobial sus- 
ceptibility testing by using the disk dif- 
fusion method revealed that MS6 was 
susceptible to chloramphenicol, cipro- 
floxacin, gentamicin, sulfamethoxa- 
zole/trimethoprim, tetracycline, strep- 
tomycin, furazolidone, doxycycline, 
and norfloxacin, and had intermediate 
susceptibility to ampicillin and eryth- 
romycin, suggesting that MS6 had not 
been exposed to several antimicrobial 
drugs. The V. cholerae SXT element, 
which usually shows code drug-resis- 
tance markers, integrates into a spe- 
cific site of the prfC gene. In MS6, 
the complete prfC gene was detected. 
The accession numbers of DDBJ for 
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E9120 Indonesia (1961) 
2100 Indonesia (1992) 
N16961 Bangladesh (1971) 
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Figure. Relationships among MS6, Vibrio choierae 01 strain, isolated in Thailand in 2008, 
and other V. choierae 01 strains based on 15 housekeeping genes referenced in Salim 
et al. (10). Boldface indicates the MS6 strain. The mutational (m) and recombinational (r) 
changes with gene names are marked on the branches (r * r2). Numbers in parentheses 
represent the year of isolation. DNA gyrase subunit B gene (gyrB) of MS6 is 22 nt 
differences from that of the seventh pandemic clone. Two genes of MS6, maiP and pepN, 
exhibit novel sequence types based on results of a BLAST search (http://blast.ncbi.nlm. 
nih.gov/Blast.cgi). 


nucleotide sequences determined in 
this study are AB699244-AB699265. 
MS6 possesses unique properties in 
terms of the ribotype, pulsed-field gel 
electrophoresis pattern, and multiple- 
locus variable -number tandem-repeat 
analysis profile, compared with other 
V. cholerae 01 isolates (2). 

This case was probably an epi- 
sode of sporadic cholera from indig- 
enous V. cholerae 01, such as US Gulf 
Coast and Australian clones, which are 
mainly associated with environmental 
sources. We have been unable to iso- 
late another MS6-like clone, which 
could have escaped detection because 
of low prevalence or might exist in a 
dormant state in a rural area. Never- 
theless, the transmission route and its 
pathogenicity must be of concern for 
public health. 
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Crimean-Congo 
Hemorrhagic Fever 
Asia-2 Genotype, 
Pakistan 

To the Editor: Crimean-Congo 
hemorrhagic fever (CCHF) is a tick- 
home zoonotic disease caused by 
a member of the vims family Bun- 
yaviridae, genus Nairovims. This 
vims (CCHFV) has caused illness 
throughout Asia, Europe, Africa, and 
the Middle East (7). CCHFVs are 
clustered among 7 genotypes (Asia- 
1, Asia-2, Euro-1, Euro-2, Africa- 1, 
Africa-2, and Africa-3) on the basis of 
genetic variation in the small segment 
(2). These genotypes are well con- 
served among their regions of origin; 
however, >1 genotype is prevalent in 
many countries (2). In Pakistan, the 
first CCHF case was reported in 1976; 
multiple sporadic cases and outbreaks 
have occurred in subsequent years (3). 

To determine which genotypes 
were present in Pakistan, we per- 
formed molecular analysis of archived 
semm samples collected during 2008 
in Fatima Jinnah General and Chest 
Hospital, Quetta, Baluchistan, in 
southwestern of Pakistan. Because of 
limited diagnostic facilities for CCH- 
FV in this country, samples collected 
during 1976-2002 were occasionally 
sent to laboratories in countries such 
as South Africa and the United States, 
where genetic analysis showed that 
all vimses tested from that location 
belonged to the Asia-1 genotype (4). 
Data beyond this period are not avail- 
able; however, because of improved 
molecular diagnostic facilities at the 
Department of Virology, National 
Institute of Health, Pakistan, blood 
samples collected from patients with 
suspected cases attending in-country 
hospitals are now examined by the in- 
stitute for confirmation. Our findings 
substantiate the presence of Asia-1 
and Asia-2 genotypes in Baluchistan. 

Thirteen IgM-positive samples 
collected during 2008 and stored at 


-70°C were available for study. The 
samples were processed for amplifi- 
cation of 260 bp of the small segment 
by using reverse transcription PCR 
with a previously described protocol 
(5). The mean age of patients with 
serology-confirmed CCHF was 31.3 
(range 18-40) years; male-to-female 
IgM positivity ratio was 1:2. Com- 
mon symptoms were fever, head- 
ache, and nosebleeds. Platelet counts 
ranged from 16,000 to 43,000/pL 
of blood. 

Of the 13 samples, viral RNA was 
detected in 2 (CCHF-65-2008PAK 
and CCHF-43-2008PAK); the ampli- 
cons were subjected to bidirectional 
sequencing by using the BigDye Ter- 
minator v3.1 cycle sequencing kit 
(Applied BioSystems, Foster City, 
CA, USA). Sequences were analyzed 
with Sequencher (GeneCodes Corp., 
Ann Arbor, MI, USA) and MEGA 
v4.0 (http://megasoftware.net/). 
The 2 viruses were phylogenetical- 
ly clustered into Asia-1 and Asia-2 
genotypes, with 7% nucleotide di- 
vergence, although both samples 
were collected during September- 
October, 2008. 

The closest nucleotide iden- 
tity (99%-100%) for CCHF-65- 
2008PAK was found with the previ- 
ously reported Asia-1 strains from 
Pakistan, Afghanistan, and Iran; 
CCHF-43-2008PAK had 96%-97% 
similarity to viruses from Dubai and 
Tajikistan (Figure). The sequences 
reported from United Arab Emir- 
ates, Pakistan, Afghanistan, Iran, and 
Iraq belong to the Asia-1 genotype; 
the Asia-2 genotype sequences were 
mostly from China and Central Asian 
countries such as Uzbekistan, Tajiki- 
stan, and Kazakhstan (6). All viruses 
detected intermittently in Pakistan 
during 1976-2002 were of the Asia- 
1 genotype (4). However, the analy- 
sis of the 2 samples reported here 
enhances our knowledge of CCHFV 
genetic diversity in Pakistan. 

The closest phylogenetic posi- 
tioning of CCHF-43-2008PAK with 
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Asia-2 strain Dubai-616 (GenBank 
accession no. JNl 08025) indicates 
that the probable route of CCHFV 
transmission was through animal 
trade between the United Arab Emir- 
ates and Pakistan. This finding sup- 
ports the proposition that animals 


imported from Pakistan were the 
probable source of a 1979 outbreak 
in the United Arab Emirates (7). 
However, we cannot determine the 
direct source of the Asia-2 genotype 
in Pakistan, nor confirm the transmis- 


attribute this to a lack of consistent, 
contemporary viral genetic informa- 
tion of CCHFV strains in Pakistan 
and the United Arab Emirates. This 
lack of data necessitates intensive 
surveillance and epidemiologic in- 
vestigations in animal and human 
populations because geographic fac- 
tors alone do not provide compre- 
hensive information about the diver- 
sity of CCHFV strains circulating in 
Asia (6). 

The presence of geographi- 
cally distant, but genetically similar, 
strains suggests that the viruses are 
dispersed either through animal trade 
or migratory birds (5). No clear evi- 
dence of CCHFV infection in migra- 
tory birds has been found, but they 
may play a major role in transloca- 
tion of infected ticks to distant areas 
(9). Birds are known to be parasitized 
by these vectors of CCHFV in east- 
ern Europe and Asia and disseminate 
the virus by transporting infected im- 
mature ticks between continents (4). 
It is therefore highly advisable to de- 
velop an active surveillance system 
with appropriate laboratory facilities 
to conduct the seroepidemiologic sur- 
veys and screening of household ani- 
mals and vectors for CCHFV to rule 
out potential risks. 

Our study was limited by a low 
number of samples, resulting in avail- 
ability of only a short fragment of the 
small gene for analysis. However, 
similar partial small gene sequenc- 
ing has been used in previous studies 
(2) and has supported the classifica- 
tion of CCHFV strains correctly into 
7 genotypes. 

In conclusion, because tick con- 
trol is not feasible, surveillance activi- 
ties and laboratory facilities should be 
improved. Health care workers should 
also be aware of proper patient man- 
agement and standard prophylactic 
and preventive measures, particularly 
in areas where CCHFV is endemic, 
such as Baluchistan, where many 
deaths associated with nosocomial 
transmission have been reported (JO). 


sion link between the 2 countries. We 
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Figure. Phylogenetic analysis of partial small gene fragment (220 bp) obtained from 
Crimean-Congo hemorrhagic fever virus strains analyzed in this study (black circles). 
Reference strains belong to different genogroups as retrieved from GenBank. Diamonds 
indicate virus sequences previously reported from Pakistan. Evolutionary tree and 
distances (scale bar indicates number of base substitutions per site) were generated with 
the maximum composite likelihood method with Kimura-2 parameter distances by using 
MEGA 4.0 (http://megasoftware.net/). Numbers next to branches indicate the percentage 
of replicate trees in which the associated taxa clustered together in the bootstrap test 
(1,000 replicates). The GenBank accession numbers, country, year of sample collection, 
and respective genotype information have been provided where available. 
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Shewanella haliotis 
Associated with 
Severe Soft 
Tissue Infection, 
Thaiiand, 2012 

To the Editor: Marine baeteria 
of the family Shewanellaceae, genus 
Shewanella, are gram-negative, mo- 
tile baeilli that grow aerobieally or 
anaerobieally and produee hydrogen 
sulfide (7). Organisms belonging to a 
Shewanella speeies were first isolated 
in 1931 by Derby and Hammer from 
dairy produets and elassified as Achro- 
mobacter putrefaciens (2). Members 
of Shewanella species usually are 
found in marine environments in warm 
climates or during summer in temper- 
ate climates (5). In humans, most She- 
wanella species infections occur in 
skin and soft tissues {4). One species 
(5. algae) and possibly a second (5. 
putrefaciens) have been isolated from 
human samples on multiple occasions 
(5). A third species, S. haliotis, was 
implicated in human infections dur- 
ing 2010 (6) and S. xiamenensis was 
reported as the fourth infectious spe- 
cies among humans during 2011 (7). 
S. haliotis is a novel bacterial species 
that was isolated from the gut micro- 
flora of abalones {Haliotis discus han- 
nai) in 2007 (5). We report the second 


description, to our knowledge, of S. 
haliotis involved in human disease. 

In September 2012, a 52-year-old 
woman, living in Bangkok, Thailand, 
was hospitalized after experiencing 
drowsiness for 2 hours. She had a 
low-grade fever, chills, and swelling, 
erythema, and tenderness in her left 
leg. During the previous week, she 
had handled fresh seafood in a market 
and had eaten cooked mackerel. She 
denied having eaten uncooked food or 
wading into flooded areas or the sea. 
She had undergone orthotopic liver 
transplantation 6 months previously 
to excise hepatocellular carcinoma re- 
lated to Child-Pugh class C hepatitis C 
cirrhosis; since that procedure, she had 
been under treatment with immunosu- 
pressive drugs. She also had diabe- 
tes, hypertension, and nephrotic syn- 
drome. Physical examination revealed 
that in addition to above-named symp- 
toms, multiple blisters were noted 
(Figure, panel A). Her oral tempera- 
ture was 37.8°C, blood pressure 80/40 
mm Hg, pulse was 110 bpm, and re- 
spiratory rate was 24 breaths/minute. 
A complete blood count showed a leu- 
kocyte count of 2,250 cells/pL (91.2% 
neutrophils). Despite adequate rehy- 
dration, monitored by central venous 
pressure, the patient required norepi- 
nephrine to stabilize her vital signs. 
The clinical diagnosis of her condition 
was septic shock with suspected nec- 
rotizing fasciitis. 

After tissue and blood samples 
were collected and submitted for mi- 
crobiological analysis, shock resusci- 
tation and an emergency fasciotomy 
(Figure, panel B) were performed, 
and antimicrobial drug treatment with 
meropenem and vancomycin was 
started. Surgeons did not confirm the 
suspected necrotizing fasciitis. Two 
sets of blood cultures and fluid culture 
sampled from the left leg identified S. 
algae by conventional biochemical 
methods. The MICs of antimicrobial 
drugs were determined by Etest (bio- 
Merieux, Solna, Sweden). This strain 
was susceptible to ciprofloxacin (0.25 
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Figure. Shewanella haliotis severe soft tissue infection of woman in Thaiiand, 2012. The 
patient sought treatment for painfui erythematous sweiiing of the left leg. A) Arrow indicates 
affected area. B) Postsurgical fasciotomy wound with necrotic tissue. 


mg/L), piperacillin-tazobactam (1.0 
mg/L), ceftriaxone (1.0 mg/L), and 
meropenem (0.38 mg/L). The patient 
had fever for the first 2 days of hospi- 
talization. After 2 weeks of treatment, 
the antimicrobial drug was switched to 
oral ciprofloxacin; treatment was con- 
tinued after dressing and debridement 
of the fasciotomy wound. 

The organism produced yellow- 
ish-brown mucoid colonies on sheep 
blood agar and chocolate agar after 18 
hours of incubation at 35°C under C02 
atmosphere. MacConkey agar showed 
non-lactose-fermenting colonies that 
were oxidase-positive, motile, and pro- 
duced hydrogen sulfide on triple sugar 
iron agar. Growth at 42°C with 6.5% 
NaCl suggested that this organism was 
S. algae. Because phylogenetically re- 
lated Shewanella species may be mis- 
identified by routine biochemical tests, 
the strain was confirmed by using 16S 
rRNA gene sequencing. 

Molecular characterization of 
16S rRNA gene sequencing was per- 
formed by using PCR with Shewanel- 
la species consensus primers (online 
Technical Appendix Table, wwwnc. 
cdc. gov/EID/article/ 1 9/6/1 2- 1607- 
Techapp.pdf) and direct sequencing 
from PCR product (JX968803). Phy- 
logenetic analysis of the 16S rRNA 
gene sequence showed clustering with 
5. haliotis (NR 044134T) and 99.9% 
similarity and 1 base difference (on- 
line Technical Appendix Figure). By 
using BLAST (http://blast.ncbi.nlm. 


nih.gov/Blast.cgi) analysis, JX968803 
showed the closest match (99.9%; 1 
base difference) with Alteromonada- 
ceae bacterium PF139 (AF5 13471). 

The strain was confirmed as S. 
haliotis by using additional biochemi- 
cal tests and API 20 NE System (bio- 
Merieux, Durham, NC, USA). It was 
positive for ornithine decarboxylase, 
gelatinase, reduction of nitrates to ni- 
trites, tolerance to 6% NaCl, and as- 
similation of caprate and malate, but 
negative for citrate utilization, argi- 
nine dihydrolase, lysine decarboxyl- 
ase, urease, indole production, assimi- 
lation of mannose, glucose, arabinose, 
mannitol, maltose, adipate, and acidi- 
fication of glucose. This strain was re- 
sistant to polymyxin B (300 pg/disc). 

More than 50 species of She- 
wanella have been reported. The route 
of Shewanella infection is associated 
with direct contact with the organism 
through seawater or ingestion of raw 
seafood (9). Japan reported 1 case of 
S. haliotis infection in an elderly pa- 
tient in whom Vibrio vulnificus infec- 
tion was initially suspected (6), and 
various clinical manifestations of S. 
algae infection have been reported (5). 
Community- and hospital-acquired in- 
fection with Shewanella species from 
contaminated medical devices have 
also been reported {10). S. haliotis 
and S. algae are closely related organ- 
isms; discriminating between them on 
the basis of biochemical tests is dif- 
ficult. Molecular characterization of 


16S rRNA gene sequencing can be 
used to differentiate the 2 species. In 
summary, this case suggests that im- 
mune-compromised persons in tropi- 
cal climates could be susceptible to 
S. haliotis soft tissue infection in the 
absence of typical exposures. 
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Murine Typhus 
in Humans, 
Yucatan, Mexico 

To the Editor: Rickettsia typhi is 
the causal agent of murine typhus, a 
febrile illness affecting humans world- 
wide (7). In Mexico, recent studies 
demonstrated a 14% prevalence of 
antibodies against typhus group rick- 
ettsiae in healthy adult blood donors 
in Mexico City, and a recent nonfatal 
case of endemic typhus was reported 
in Yucatan (2,3). 

In May 20 1 1 , a 42-year-old wom- 
an and her 12-year-old son sought care 
at the clinical service of the Autono- 
mous University of Yucatan. They 
had malaise, headache, fever (39°C), 
fibromyalgia, sore throat, and fatigue 
and an erythematous rash on the chest 
that after 6 days spread to the abdo- 
men and extremities. 

Dengue fever was diagnosed, 
and the patients were treated empiri- 
cally with acyclovir, methanesulfon- 
amide, N-(4-nitro-2-phenoxyphenyl) 
and clarithromycin. Dengue could not 
be confirmed by laboratory testing. 

Murine typhus was diagnosed on 
the basis of PCR amplification and im- 
munofluore scent assay for antibodies 
to R. typhi. Rickettsia species was de- 
termined by sequencing of rickettsial 
genes. Three serum samples were col- 
lected from the woman (8, 12, and 16 
days after illness onset) and 1 from the 
boy (8 days) in 3.8% sodium citrate as 
anticoagulant, and DNA was extracted 
immediately by QIAamp DNA Blood 
Mini Kit (QIAGEN Valencia, CA, 
USA) in accordance with the manu- 
facturer’s instructions. Single-step 
PCR amplification was performed by 
using genus-specific primers for the 
rickettsial 17-kDa protein and citrate 
synthase (gltA) genes as reported (4) 

Sequences of the citrate syn- 
thase and 17-kDa PCR products were 
compared at the National Center for 
Biotechnology Information BLAST 
software (5). Three PCR amplicons 


of both genes were fully sequenced 
and compared with sequences in Gen- 
Bank. The 17-kDa and citrate synthase 
fragment sequences (GenBank acces- 
sion nos. JX198507 and JX458814) 
showed 99% and 100% identity, re- 
spectively, with R. typhi strain Wilm- 
ington strain (GenBank accession no. 
AE017197.1) (Table). 

Immunofluorescent assay was 
performed by using R. rickettsii and R. 
typhi antigen fixed on slides. We ex- 
amined the serum samples for IgG and 
IgM, assessing reactivity of y chain- 
specific and m heavy chain-specific 
secondary conjugates, respectively, 
with rickettsial antigens. All 3 samples 
from the woman and the sample from 
the boy contained antibodies to R. typhi 
(Table). Both patients were treated with 
100 mg of oral doxycycline 2x/day for 
7 days (boy), and 10 days (woman); 
symptoms improved in 72 hours for 
the child. The woman’s symptoms re- 
solved completely in 5 days. 

Typhus has been endemic in 
Mexico since before the conquest pe- 
riod ((5). Socioeconomic aspects play 
a major role in zoonotic diseases, such 
as rickettsioses, especially in their dis- 
tribution in urban and suburban areas 
because of factors such as marginal- 
ized communities, animal breeding, 
education levels, poverty, and social 
exclusion from health systems. 

Overcrowding resulting from mi- 
gration from rural areas to large urban 
centers contributes to increased zoo- 
noses in urban areas. Also contribut- 
ing is the ecologic imbalance of flora 
and fauna associated with deteriorat- 
ing sanitary conditions in areas where 
mammals involved in the cycle of R. 
typhi, such as rodents and opossum, 
may live in the same habitat as humans 
and colonize backyards, waste deposit 
area, and areas around the neighbor- 
hoods where they can find food. The 
concurrence and presence of mam- 
mals, vectors, and humans may con- 
tribute to maintaining transmission 
of endemic typhus in a reduced area, 
with the possibility to cause outbreaks 
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Table. Ig detection by immunofluorescent assay and molecular results by PCR and sequence identity of the amplicons of gItA and 

17-kPa genes of Rickettsia spp. from 2 patients with murine typhus, Yucatan, Mexico 

Immunofluorescence assay 


Patient age, R. typhi R. rickettsii PCR/sequence test Rickettsia 


y/sex 

Days after illness onset 

IgM 

IgG 

IgM 

IgG 

17 kDa 

gitA 

species* 

45/F 

8 

256 

128 

Neg 

128 

Pos 

Pos 

R. typhi 


12 

128 

128 

Neg 

64 

Pos 

Pos 

R. typhi 


16 

64 

128 

Neg 

64 

Neg 

Neg 

ND 

12/M 

8 

128 

128 

Neg 

64 

Pos 

Pos 

R. typhi 


•Identified species showed 99% identity with R. fyph/ Wilmington strain 17-kDa antigen gene (GenBank accession no. AE017197.1) and 100% identity 
with R. typ/?/ Wilmington strain qltA gene (GenBank accession no. AE017197.1). ND, species not determined. 


(7,8). Housing conditions and culture, 
such as courtyards with vegetation and 
presence of pets, in several suburban 
areas of Yucatan encourage close con- 
tact between humans and possible res- 
ervoirs for several infectious diseases, 
such as mice, rats, opossums, dogs 
and cats, and their ectoparasites (9). 

Because housing and cultural 
conditions are similar in all countries 
of Latin America, endemic typhus 
probably is transmitted in the same 
way: by coexistence with domestic 
animals and close contact with wild 
reservoirs. Epidemiologic control 
should be closely linked to education 
aimed at encouraging villagers to in- 
terrupt the cycle of transmission and 
thus prevent the disease. 

We have confirmed the presence 
of murine typhus in Yucatan. The find- 
ing of human cases demonstrates the 
need to consider R. typhi infection in 
the differential diagnosis of febrile ill- 
nesses considered endemic in Yucatan, 
such as dengue fever and leptospiro- 
sis (10). Early and accurate diagnosis 
should enable physicians to treat this 
disease appropriately and early in the 
clinical course to prevent increased ill- 
ness and death. 
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Flaviviruses in 
Game Birds, 
Southern Spain, 
2011-2012 

To the Editor: Certain arthro- 
pod-bome epornitic flaviviruses, 
namely, West Nile virus (WNV) and 
Usutu virus (USUV), have spread 
reeently in parts of Europe {1,2). In 
southern Spain, the emergenee of 
a third virus of this type, known as 
Bagaza virus (BAGV), is of coneem 
(5). Because of the outbreaks in 2010 


in Cadiz (southern Spain) of WNV in- 
fection, which affected birds, horses, 
and humans, and of BAGV infection, 
which affected game birds (partridges 
and pheasants), and the reported pres- 
ence of USUV in mosquitoes in this 
area {4), a surveillance program was 
implemented in partridges and pheas- 
ants during the next hunting season 
(October 2011-February 2012) to as- 
sess the possible circulation of these 3 
flaviviruses in the area. 

Serum samples and brain tissue 
from 159 hunted-harvested wild red- 
legged partridges {Alectoris rufa) and 


13 common pheasants {Phasianus col- 
chicus) were collected on 12 hunting 
properties from Cadiz (online Techni- 
cal Appendix Figure, wwwnc.cdc.gov/ 
EID/article/ 1 9/6/ 13-01 22-Techapp 1 . 
pdf|). All sampled birds were reared 
and shot in the wild. The age of the 
partridges was determined according 
to plumage characteristics. 

Presence of antibodies against 
WNV was tested with a commercial 
epitope-blocking ELISA (Ingezym 
West Nile Compac, INGENASA, 
Madrid, Spain) (5). Virus-neutral- 
ization titers against WNV (strain 


Table. Results of serologic studies in red-legged partridges and common pheasants, southern Spain, 2011-2012* 


Species, no. 

Age 

ELISA, WNV 

WNV 

VNT titersf 
BAGV 

USUV 

Interpretation^ 

Partridges (Alectoris rufa), n = 159 

6 

Juvenile 

+ 

10-20 

<5 

<5 

WNV 

7 

Adult 

+ 

10-20 

<5 

<5 

WNV 

1 

Adult 

+ 

160 

20 

20 

WNV 

4 

Not determined 

+ 

10-80 

<5 

<5 

WNV 

1 

Not determined 

+ 

80 

<5 

10 

WNV 

2 

Juvenile 

+ 

10 

40 

<5 

BAGV 

1 

Juvenile 

+ 

20 

80 

10 

BAGV 

1 

Juvenile 

- 

<5 

160 

10 

BAGV 

2 

Adult 

+ 

20 , 40 

80 , 320 

10 

BAGV 

1 

Adult 

+ 

<5 

20 

<5 

BAGV 

1 

Adult 

+ 

<iot 

40 

<iot 

BAGV 

1 

Adult 

- 

<5 

40 

<5 

BAGV 

1 

Adult 

+ 

<5 

<5 

40 

USUV 

2 

Juvenile 

+ 

10 , 20 

20 , 40 

<5 

Flavivirus 

3 

Adult 

+ 

<5 

<5 

<5 

Flavivirus 

2 

Adult 

+ 

20 , 80 

80 , 160 

40 

Flavivirus 

1 

Adult 

+ 

20 

<5 

10 

Flavivirus 

1 

Adult 

+ 

160 

<20t 

80 

Flavivirus 

1 

Adult 

+ 

40 

40 

<iot 

Flavivirus 

1 

Adult 

- 

<iot 

20 

<10t 

Flavivirus 

3 

Not determined 

+ 

<5 

<5 

<5 

Flavivirus 

1 

Not determined 

+ 

<5 

10 

<5 

Flavivirus 

Pheasants (Phasianus colchicus), n = 13 

1 

Adult 

+ 

80 

20 

10 

WNV 

2 

Not determined 

+ 

10 , 20 

<5 

<5 

WNV 

2 

Adult 

+ 

10 , 80 

80 , 640 

20 

BAGV 

1 

Adult 

- 

<5 

20 

<5 

BAGV 

3 

Adult 

+ 

20-40 

20-160 

40-160 

Flavivirus 

1 

Adult 

+ 

10 

<5 

<5 

Flavivirus 

1 

Adult 

- 

<5 

10 

<5 

Flavivirus 

1 

Adult 

Not determined 

<20t 

<20t 

40 

Flavivirus 

Positive, no. (%) 

Partridges 

Pheasants 

Total 


40 (25) 
9 (69) 
49 (29) 

31 (19) 
9 (69) 
40 (23) 

17 (11) 
8 (62) 
25(15) 

11 (7) 
7(54) 
18 (10) 



*WNV, West Nile virus; VNT, virus neutralization test; BAGV, Bagaza virus; USUV, Usutu virus; +, positive; -, negative. Boldface indicates VNT-positive 
serum. 

tSerum samples were titrated from 5 to 1 ,280 dilutions and neutralization titers of >1 0 were considered positive. 

^Differentiation was based on comparison of VNT titers obtained in parallel against the 3 flaviviruses: the neutralizing immune response observed was 
considered specific when VNT titer for a given virus was >4-fold higher than titers obtained for the other viruses; samples showing VNT titer differences 
<4-fold between the viruses examined were considered positive for flavivirus but not conclusive for any specific virus. 

JVNT at the indicated (or lower) dilution(s) could not be determined because of cytotoxic effect caused by the sample. 
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Eg- 101), BAGV (strain Spain/2010), 
and USUV (strain SAAR1776) were 
determined by miero virus neutraliza- 
tion test (VNT) as deseribed (6). 

Viral genome in brain tissue 
samples was examined by heminested 
pan-flaviviral reverse transcription 
PCR (7). All 172 tissue homogenates 
examined were negative by this test. 

Overall seroprevalence for WNV 
by epitope-blocking ELISA was 29%. 
Prevalence of neutralizing antibodies 
measured by VNT was 23% for WNV, 
15% for BAGV, and 10% for USUV. 
Seroprevalence rates were higher for 
pheasants than for partridges for WNV 
(Fisher exact test, p = 0.0003), BAGV 
(p<0.0001), and USUV (p<0.0001) 
(Table). The significance of this result 
is uncertain, given that just 2 hunting 
areas were sampled for pheasants. 

Neutralizing antibodies to >1 fla- 
vivims were detected in 15 of the 45 
VNT-positive partridges and in 6 of the 
12 VNT-positive pheasants (Table). 
Specificity, as determined by neutral- 
izing antibodies titer comparisons (5), 
showed virus-specific neutralizing an- 
tibodies to WNV, BAGV, and USUV 
in 19 partridges, 9 partridges, and 1 
partridge, respectively, in 3 pheasants 
to WNV and in another 3 pheasants 
to BAGV (0 to USUV). Serum from 
9 partridges and 6 pheasants remained 
inconclusive (neutralizing antibodies 
titer differences <4-fold [5]). WNV- 
reacting antibodies by ELISA were 
shown in II of 12 hunting properties 
(online Technical Appendix Figure). 
In all locations but I, ELISA-positive 
results were confirmed by VNT for 
NT-Abs to WNV, BAGV, or USUV. 
Of them, neutralizing antibodies to 
only WNV were detected in 2 loca- 
tions, whereas neutralizing antibodies 
to at least 2 (WNV/USUV or WNV/ 
BAGV) of the 3 flaviviruses were 
detected in 8 locations. Within these 
locations, flavivirus-specific NT-Ab 
responses were differentiated in sever- 
al samples: neutralizing antibodies to 
either WNV or BAGV were detected 
in samples from 6 locations, whereas 


samples with neutralizing antibodies 
to either WNV or USUV were detect- 
ed in 1 location. 

Analysis of VNT results in juve- 
nile partridges showed specific neu- 
tralizing antibodies to WNV (13%) 
or BAGV (9%); 4% of these samples 
were positive for flavivirus but in- 
conclusive for any of the flaviviruses 
tested (Table). Overall, these results 
indicated recent circulation of 3 dif- 
ferent epomitic flaviviruses — WNV, 
USUV, and BAGV — in resident game 
birds in Cadiz, the southernmost prov- 
ince in Spain. A high proportion of 
birds showed neutralizing antibodies 
to >1 flavivirus. Some are likely to 
be attributable to cross-neutralization, 
although co-infection cannot be ruled 
out because the results showed co-cir- 
culation of >1 flavivirus in game birds 
in most locations studied. Further- 
more, the presence of specific neutral- 
izing antibodies in juvenile partridges 
indicated that WNV and BAGV circu- 
lated in the area 1 year after the out- 
breaks of 2010. For USUV, specific 
neutralizing antibodies were detected 
only in an adult partridge, indicating 
infection acquired during the previous 
years. Nevertheless, this finding does 
not rule out recent co-circulation of 
USUV together with the other 2 virus- 
es in the same game bird populations, 
considering that USUV has been re- 
peatedly detected in mosquitoes in 
nearby areas (4). 

Evidence of infection by at least 
WNV and BAGV in 2 consecutive 
seasons strongly supports the prem- 
ise that these viruses overwintered in 
the area. Capability of WNV to over- 
winter in southern Europe was shown 
in Italy during 2008-2009 (9) and in 
Spain during 2007-2008 (10). Over- 
wintering of BAGV after its introduc- 
tion into Spain could indicate a risk for 
its expansion in areas with similar cli- 
mates (Mediterranean basin). The risk 
for dissemination of WNV, BAGV, 
or U SUV infections not only to game 
birds, but also to other wildlife, do- 
mestic animals, and humans, calls for 


improvements in surveillance pro- 
grams, particularly those that monitor 
susceptible hosts, such as game birds. 
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Books, Other Media 


Reviews (250-500) words of 
new books or other media on 
emerging disease issues are 
welcome. Name, publisher, 
number of pages, and other 
pertinent details should be 
included. 


Absence of 
Rift Valley Fever 
Virus in Wild Small 
Mammals, 
Madagascar 

To the Editor: Rift Valley fever 
virus (RVFV) is a mosquito-bome 
zoonotic virus in the family Bunya- 
viridae, genus Phlebovims, which af- 
fects mainly domestic ruminants and 
humans on continental Africa, Mada- 
gascar, and the Arabian Peninsula (7). 
RVFV is transmitted between rumi- 
nants mainly by bites of mosquitoes of 
several genera (7). Infection can lead 
to mild symptoms or can cause abor- 
tion in pregnant animals and high mor- 
tality rates among newborns. Humans 
are mostly infected by aerosol trans- 
mission when handling infected tissues 
(aborted fetuses or meat), which results 
in dengue-like illness. Some cases in 
humans can be in a severe form (hem- 
orrhagic fever and meningoencephali- 
tis), which can be fatal. Outbreaks in 
southern and eastern Africa are associ- 
ated with periods of heavy rainfall (7). 
In eastern Africa, RVFV is believed to 
be maintained during interepizootic 
periods through vertical transmission 
in Aedes spp. mosquitoes (7). It has 
been suspected that wild mammals, 
especially rodents, play a role in the 
maintenance of RVFV during interepi- 
zootic periods (2). However, evidence 
of a wild mammal reservoir in the epi- 
demiologic cycle of RVFV has yet to 
be demonstrated (2). 

In Madagascar, the first RVFV 
isolate was obtained from mosquitoes 
captured in the Perinet Forest (Anda- 
sibe, Moramanga District) in 1979, 
outside an epizootic period (5). Two 
epizootic episodes occurred, during 
1990-91 and 2008-09 (4). After the 
most recent episode, domestic rumi- 
nants were shown to be involved in 
RVFV circulation during interepizo- 
otic periods (5,6); together with the 
potential vertical transmission in Ae- 
des spp. mosquitoes in Madagascar, 


they might play a role in the mainte- 
nance of RVFV. However, genetic evi- 
dence indicates that RVFV outbreaks 
in Madagascar are not associated with 
emergence from enzootic cycles but 
that they are associated with recur- 
rent virus introductions from main- 
land east Africa (7). Although these 
mechanisms for RVFV epidemiology 
on Madagascar are documented, the 
possibility of a wild mammal reser- 
voir cannot be excluded. We therefore 
explored the role of wild terrestrial 
small mammals in the maintenance of 
RVFV in Madagascar, especially the 
nonnative, abundant, and ubiquitous 
black rats (Rattus mttus) (8), as has 
been suggested in rural Egypt (9,10). 

For this study, 1,610 blood sam- 
ples were obtained from different spe- 
cies of wild terrestrial small mammals 
in Madagascar (Figure). Permits to 
capture and collect animals were ob- 
tained from national authorities. Ani- 
mals were sampled from October 2008 
through March 2010 at a site in the 
Anjozorobe-Angavo (Anjozorobe Dis- 
trict) forest corridor (18°18”41.9' S, 
48°00”57.6' E), where RVFV was first 
detected in humans and cattle in Febru- 
ary 2008 (4) and within 100 km from 
where the first RVFV was isolated in 
1979 (i). We collected 378 serum sam- 
ples from 11 native Tenrecidae (Af- 
rosoricida) tenrecs, 114 samples from 6 
native Nesomyidae (Rodentia) rodents, 
and 471 samples from introduced R. 
Rattus (Muridae, Rodentia) rats (online 
Technical Appendix, wwwnc.cdc.gov/ 
EID/article/1 9/6/1 2- 1 074-Techapp 1 . 
pdf). In addition, during 2008, we ob- 
tained serum samples from 647 R. rat- 
tus or R. norvegicus rats living near 
humans in areas where RVFV was 
reportedly circulating during 2008 and 
2009: the districts of Ankazobe, An- 
tsiranana, Betafo, Ihosy, Marovoay, 
and Moramanga (4,5) (Figure). 

Serum samples were tested for 
IgG against RVFV by ELISA, as 
described (4), by using peroxidase- 
labeled recombinant protein A/G 
(Pierce, Rockford, IE, USA) or 
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IN 

A 


Antsiranana 

32 rats sampled (Sep 2008) 
Cases reported May ai>d Apr 2008 


Ankazobe 

43 rats sampled (Nov 2008) 
Cases reported Mar 2008 


Betafo 

409 rats sampled (from 
May through Jul 2008) 



Anjozorobe (Angavo Forest) 
963 small terrestrial mammals 
sampled (Oct 2008, Mar 2009, Oct 
2009. Mar 2010) 

Cases reported Feb ar>d Mar 2008 


Moramanga 

135 rats sampled (Apr 2008) 
Cases reported Apr 2008 


Ihosy 

26 rats sampled (Jul 2008) 


Municipality where RVFV cases 
were recorded 

Municipality where RVFV cases 
were recorded and small terrestrial 
mammals were sampled 


Municipality where RVFV cases 
were not reported but small 
terrestrial mammals sampled 


Figure. Collection sites of wild terrestrial small mammals on Madagascar and the number 
of mammals tested for Rift Valley fever virus (RVFV). At certain localities, the genus and 
species of sampled rats were Rattus rattus or R. norvegicus. 


anti-mouse or rat IgG (H-FL) accord- 
ing to the ability to recognize the im- 
munoglobulin of species endemic to 
Madagascar (data not shown). The 
results were negative for all samples 
tested. Liver and spleen samples from 
947 animals caught in the Anjozo- 
robe-Angavo forest corridor were also 
tested. Approximately 50-100 mg of 
liver and spleen from each individual 
was mixed and homogenized at a di- 
lution of 1 : 10 in culture medium con- 
taining 40% fetal bovine serum. After 
centrifugation, supernatants were col- 
lected and pooled by species (maxi- 
mum 5 individuals/pool). RNA was 
extracted from pooled supernatants by 
using TRIzol LS reagent (Invitrogen, 


Carlsbad, CA, USA) according to the 
manufacturers’ instructions. Detec- 
tion of RVFV RNA was attempted by 
using real-time reverse transcription 
PCR (4). The results were negative for 
the 220 monospecific pools tested. 

Serologic and virologic results 
from rodent and tenrec samples col- 
lected during and after the epizootic 
2008-2009 periods were negative for 
RVFV; 72.8% had been collected in 
municipalities where RVFV cases 
were reported. This finding does not 
indicate a role of native Rodentia and 
Afrosoricida mammals in the epide- 
miology of RVFV in Madagascar, nor 
does it indicate evidence of infection 
of Rattus spp. rats, as suggested in 


Egypt {9,10). The absence of infec- 
tion m Rattus spp. rats during a period 
of intense RVFV circulation does not 
support its potential role during the 
outbreak and, a fortiori, in the main- 
tenance of RVFV during interepizo- 
otic periods. Among wild terrestrial 
mammals in Madagascar, animals of 
the orders Carnivora and Primata are 
not considered as candidates for the 
maintenance of RVFV; however, bats 
(order Chiroptera) and introduced 
bushpigs (order Artiodactyla , family 
Suidae, genus Potamochoerus) could 
be candidates, and their role in RVFV 
maintenance should be investigated 
(2). At present, no evidence is avail- 
able for the maintenance of RVFV in 
wild terrestrial small mammals (na- 
tive and introduced) in Madagascar. 
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Colostrum Replacer 
and Bovine 
Leukemia Virus 
Seropositivity 
in Caives 

To the Editor: Bovine leukemia 
virus (BLV), a deltaretrovirus in the 
family Retroviridae, is the eausative 
agent of enzootie bovine leukosis 
(EBL). Although EBL is still endemie 
to the Americas and eastern Europe, 
most countries in western Europe are 
EBL free in accordance with European 
Union legislation; for example, Great 
Britain has held EBL-free status since 
1999. EBL is notifiable to the World 
Organisation for Animal Health (7), 
with disease incursion affecting inter- 
national trade. Infection with BLV is 
life-long and persistent; the presence of 
antibodies or integrated proviral DNA 
are indicators of virus exposure. Two 
tests prescribed for international trade 
are the agar gel immunodiffusion test 
(AGIDT) and ELISA (7); these tests 
are used widely for diagnosis (2). 

We report 5 cases that occurred in 
the United Kingdom during 2009, in 
which calves became seropositive for 
BLV after consuming colosfrum replac- 
er. In Dumfriesshire, Scotland, routine 
serologic screening for BLV detected 
seropositivity in 2 calves, which were 
artificial inseminafion bull candidates. 
In Newport, Wales, a BLV-seropositive 


calf was identified during pre-export 
testing. And in Yorkshire, England, 2 
more BLV-seropositive calves, also 
artificial insemination bull candidates, 
were identified. All calves were home 
bred, and there was no evidence (as 
documented by serologic testing) or 
history of EBL within the herd. The 
farms were considered to have low risk 
for disease incursion because the intro- 
duction of new animals was limited. 

Further inquiry revealed that 
the calves had each been exclusively 
fed a colostrum replacer from North 
America, where BLV is endemic. 
Antibodies to BLV might have been 
present in the colostrum replacer and 
thus passively acquired by the calves, 
resulting in seropositivity. 

The hypothesis was tested by 
monthly blood sampling and ELISA 
analysis for antibodies against BLV 
(Institute Pourquier, Montpellier, 
France). Although the batch of colos- 
trum replacer that had been fed to the 
calves from Dumfriesshire was not 
available for investigation, another 
colostrum sample was obtained from 
the same manufacturer for analysis. 
The reconstituted colostrum replacer 
was tested by AGIDT (IDEXX, Bern, 
Switzerland) at the following dilutions: 
neat (manufacturer’s guidelines), 1:2, 
1:4, and 1:8. In addition, 2 commer- 
cial ELISA tests (Institute Pourquier 
and IDEXX) were used over a series 
of dilutions to 1 : 125. All serologic tests 
were conducted according to manufac- 
turer’s recommendations. To examine 
the samples for proviral DNA, we con- 
ducted PCRs to amplify a 385-bp frag- 
ment of the envelope gene (5). 

At the various dilutions of colos- 
trum replacer, all serologic tests gave 
clearly positive reactions. Proviral PCR 
of the colostrum replacer also returned 
positive results, which were confirmed 
by sequencing. The resultant enve- 
lope sequence (GenBank accession 
no. HF545344) was aligned with 23 
other sequences obtained from Gen- 
Bank, which encompassed all known 
BLV genotypes. Phylogenetic analysis 
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Table. Bovine leukemia virus seropositivity of calves fed colostrum replacer, UK, 2009* 


Location 


Time from initial sampling, mo 


0 

1 

2 

3 

4 

Dumfriesshire, Scotland 






Calf 1 

+++ 

+ + 

+ 

IC 

- 

Calf 2 

+++ 

+ 

+ 

- 

- 

Newport, Wales 






Calf 1 

++ 

+ + 

NS 

NS 

- 

Yorkshire, England 






Calf 1 

++ 

+ 

+ 

NS 

- 

Calf 2 

++ 

+ 

+ 

NS 

- 

‘Tested by ELISA (Institute Pourquier, Montpellier, France). 

+++, strong positive, sample to positive 

(S/P) ratio >200; ++, positive, S/P ratio >100; + 

: weak positive, S/P ratio 60-99; -, negative, S/P 

ratio <60; IC, inconclusive, S/P ratio 60-70; NS, not sampled. 




was conducted as described { 4 ) and 
revealed clustering within genotype 1, 
which is consistent with BLV of North 
American origin { 4 ). The hypothesis 
that colostrum intake had caused the 
seropositivity was supported by the 
declining antibody titers found in se- 
rial blood sampling of all 5 calves 
(Table). 

The same brand of colostrum re- 
placer was used on all 3 farms. For the 
farms in Wales and England, it was 
possible to sample the batch of co- 
lostrum powder being used; aliquots 
from each farm were BLV positive by 
AGIDT and ELISA. 

Reactions to passively acquired 
antibodies would be expected to de- 
crease and become undetectable. After 
exposure to virus and subsequent infec- 
tion, antibody titers would not wane to 
undetectable levels. Our results (Table) 
provide evidence that the serologic 
reactions reported here resulted from 
ingestion of the colostrum replacer 
rather than BLV infection. The policy 
and international trade implications of 
such cases for Great Britain have been 
discussed (5). To maintain the disease- 
free status of the country, it was nec- 
essary to follow up with these cases, 
which inconvenienced farmers because 
of movement restrictions and, conse- 
quently, financial loss. 

The cases described were all 
linked by the brand of colostrum 
used; however, our additional in- 
vestigations found that other brands 
also tested BLV positive by AGIDT 
and thus could cause an effect simi- 
lar to that described here. These data 


would therefore be useful to any 
organization involved in BLV sero- 
logic surveillance. As a result of this 
investigation, in March 2010 the Eu- 
ropean Union banned the import of 
calf colostrum from herds that are not 
EBL free. 

Although PCR confirmed the 
presence of BLV proviral DNA in the 
colostrum, detection of such does not 
mean that the colostrum contained 
viable virus. Retroviruses, including 
BLV, are heat labile; thus, it is un- 
likely that viable BLV would survive 
the spray-drying production process. 
Whether other agents can survive war- 
rants further investigation. 
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Novel Respiratory 
Syncytial Virus A 
Genotype, 
Germany, 
2011-2012 

To the Editor: Respiratory syncy- 
tial virus (RSV) is a major cause of se- 
vere respiratory disease in infants and 
elderly persons. RSV strains have been 
divided into 2 major antigenic groups 
(A and B), which are further divided 
into several genotypes. The main ge- 
netic and antigenic differences between 
genotypes are found within the 2 hy- 
pervariable regions of the attachment 
(G) glycoprotein. In 1999, a novel RSV 
B genotype, which contained a 60-nt 
duplication in the second hypervariable 
region of the G protein, was discovered 
in Buenos Aires, Argentina, and named 
BA (7). Since then, genotype BA has 
almost completely replaced other RSV 
B strains worldwide and has diversified 
into several subgenotypes (2). 

In February 2012, as part of rou- 
tine RSV surveillance, we identified 
a novel RSV A genotype with a 72-nt 
duplication in the second hypervari- 
able region of G, thus representing the 
first RSV A genotype with nucleotide 
duplications in the G gene. Shortly 
thereafter, circulation of this genotype 


was reported in Ontario, Canada, in 
2010-11 and 2011-12, and the geno- 
type was named ONI (5). To investi- 
gate the frequency of genotype ONI 
in Germany, we extended the molecu- 
lar analysis of RSV strains from the 
previous 2 RSV seasons. The study 
was approved by the ethics committee 
of the medical faculty at the Univer- 
sity of Wurzburg, Germany. 

From July 2010 through June 
2011 and from July 2011 through 
June 2012, we identified 271 and 181 
RSV-positive patients, respectively. 
Patients were identified from respira- 
tory specimens sent by hospitals in 
Bavaria, Germany, for routine testing 
of respiratory viruses at the Institute 
of Virology and Immunobiology at the 
University of Wurzburg. The mean 
age of all patients was 1 .2 years (me- 
dian 8.2 years; range 0.03-81.4 years), 
and 259 were male. Of the RSV-pos- 
itive samples, 183 (67.5%) from sea- 
son 2010-11 and 171 (94.5%) from 
season 2011-12 were analyzed by 
sequencing a fragment of »500 nt that 
encompassed the complete second hy- 
pervariable region of the G gene { 4 ). 
Alignment with reference sequences 
and phylogenetic analyses were con- 
ducted by using MEGA 5.0 (5). 

Molecular analysis of RSV-posi- 
tive samples revealed that RSV A and 


B cocirculated during both seasons (98 
A and 85 B during 2010-11; 99 A and 
73 B during 2011-12). In accordance 
with previous reports (2), all RSV B 
strains from both seasons were identi- 
fied as genotype BA. The novel RSV 
A genotype ONI was not detected 
during 2010-11. However, 10 (10.1%) 
of 99 RSV A strains were assigned to 
genotype ONI during 2011-12. All 
other RSV A strains of both seasons 
belonged to genotype GA2. An amino 
acid alignment of ONI sequences is 
shown in the Figure. The duplication 
regions of 2 of the 10 ONI strains 
contained 2-aa and 3-aa exchanges 
compared with the ON 1 reference se- 
quence (which has no exchanges) (5). 
Of note, an ONI sequence from Japan 
with similar, partially even identical 
mutations was retrieved from Gen- 
Bank (Figure). All mutations observed 
so far did not affect potential O-glyco- 
sylation sites. 

Of the 99 patients with RSV A 
infection diagnosed during 2011-12, 
a total of 91 were hospitalized chil- 
dren. Genotype ON 1 was identified in 
7 (25.0%) of 28 children in intensive 
care units (ICUs) and in 2 (3.2%) of 
63 children in other wards (p = 0.003, 
Fisher exact test). Children admit- 
ted to an ICU were younger (me- 
dian 0.2 years) than those not in an 
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Figure. Amino acid sequence alignment of the second hypervariable region of the respiratory syncytial virus (RSV) G gene. RSV ON1 
sequences and RSV A reference sequences in the upper part of the alignment are designated by GenBank numbers. ON1 sequences in 
the lower part were obtained in this study and are available at GenBank under accession nos. JX912355-JX912364. Black boxes indicate 
the duplicated region; black circles indicate potential 0-glycosylation sites; and gray shading indicates potential N-glycosylation sites. Dots 
indicate nucleotide identities, dashes indicate adjustment of nucleotide insertions, and asterisks indicate stop codons. WUE, Wurzburg. 
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ICU (median age 1.2 years; p<0.001, 
Mann- Whitney U test). An explor- 
atory logistie regression analysis on 
ICU admittanee, adjusted for age, 
eonfirmed a strong assoeiation be- 
tween RSV genotype ONI and ICU 
admittanee (adjusted odds ratio 8.4; 
95% Cl I.5%-46.6%; p = 0.015). 
However, this signifieant differenee 
should be interpreted with caution for 
2 reasons: I) samples from patients in 
wards other than an ICU originated 
mainly in the Wurzburg area, whereas 
samples from patients in ICUs were 
received from pediatric hospitals in 
various regions of Bavaria; 2) clinical 
information on patients not in ICUs 
was not available for assessment of 
whether the difference persisted when 
taking into account other risk factors 
for severe RSV disease. 

In summary, the novel RSV A 
genotype ONI containing a 72-nt du- 
plication in the G gene was not found 
during 2010-11, but it constituted al- 
ready 10.1% of all RSV A strains in a 
patient cohort from Bavaria, Germa- 
ny, in the next season, 2011-12. In the 
context of the primary report of ON 1 
in Ontario, Canada (5), and the Gen- 
Bank entry from Japan, our data sug- 
gest worldwide emergence of ONI. 
The almost complete worldwide 
replacement of circulating RSV B 
genotypes with the BA strain contain- 
ing a comparable 60-nt duplication, 
which began in 1999, suggests that 
these duplications provide a selective 
advantage (2). Thus, molecular analy- 
sis of circulating RSV strains should 
be continued to determine whether 
ON 1 has the potential to replace other 
RSV A strains in the years to come as 
did RSV B genotype BA during the 
past decade. 
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Travel-related 
Neisseria 
meningitidis 
Serogroup W135 
Infection, France 

To the Editor: A multinational 
outbreak of infection with Neisseria 
meningitidis serogroup W135 belong- 
ing to the sequence type (ST) 1 1 clon- 
al complex started in the year 2000 
among pilgrims to Mecca, Saudi Ara- 
bia, and their contacts and continued 
in 2001 in countries of sub-Saharan 
Africa (primarily Burkina Faso) (7). 
Thereafter, infection caused by these 
isolates decreased (2), but quadriva- 
lent meningococcal vaccine (against 
serogroups A, C, Y, and W135) was 
recommended for pilgrims and travel- 
ers to countries in the meningitis belt 
of Africa, which spans sub-Saharan 
Africa from Ethiopia to Senegal. After 
2001, infections caused by serogroup 
A predominated in the meningitis 
belt, but isolates of serogroup X also 
emerged (5); isolates of serogroup 
W1 3 5/ST 11 increased again in Niger 
in 2010 (4). 

During January 1 -March 11, 
2012, >4,000 suspected cases of me- 
ningococcal disease caused mainly 
by serogroup W135 were reported in 
countries of the African meningitis 
belt, including Benin, Burkina Faso, 
Mali, and Cote d’Ivoire (5). We pres- 
ent extensive bacteriologic and mo- 
lecular characterization of TV. menin- 
gitidis W135 isolates from 6 patients 
with meningococcal disease reported 
in France since January 2012; we also 
present typing data from 8 cases of 
meningitis in Cote d’Ivoire. None of 
the patients had received meningococ- 
cal vaccine. 

The cases in France were neither 
epidemiologically nor geographically 
linked; 4 were in residents of the Paris 
region. All cases were linked to recent 
travel to sub-Saharan Africa by the 
patient or patient contacts; 4 patients 
reported recent travel to Benin, Sene- 
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Table. Characteristics of serogroup W135 Neisseria meningitidis isolates from patients in France and Cote d'Ivoire, 2012* 


Patient 

no. 

Locationt 

Date of 
illness 
onset 

Travel 

history 

Date of 
return from 
travel 

Patient 

age/sex 

Test 

site 

Sero 

N. meningitidis isolate test results 
PorA PorA 

ST CC VR1 VR2 FetA 

penA 

1 

France/ 
Paris region 

Jan 14 

Benin 

201 1 Dec 
28 

1 y/M 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

2 

France/ 

Loire 

Feb 15 

Senegal 

Feb 12 

62y/F 

Blood 

2a 

11 

11 

5 

2 

FI-1 

1 

3 

France/ 

Rhone- 

Alpes 

Feb 19 

Senegal 

Feb 19 

53y/F 

Blood 

2a 

11 

11 

5 

2 

FI-1 

1 

4 

France/ 
Paris region 

Feb 27 

Mali 

Feb 23 

4 y/M 

AF 

2a 

11 

11 

5 

2 

FI-1 

1 

5 

France/ 
Paris region 

Mar 3 

Mali 

(family) 

UNK 

5y/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

6 

France/ 
Paris region 

Mar 6 

Senegal 

(father) 

Feb 26 

4 mo/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

7 

Cote 

d'Ivoire/ 

Kouto 

Feb 3 

UNK 

NA 

12 y/M 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

8 

Cote 

d'Ivoire/ 

Korhogo 

Feb 3 

UNK 

NA 

18 y/M 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

9 

Cote 

d'Ivoire/ 

Kouto 

Feb 23 

UNK 

NA 

7y/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

10 

Cote 

d'Ivoire/ 

Kouto 

Feb 24 

UNK 

NA 

65y/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

11 

Cote 

d'Ivoire/ 

Kouto 

Feb 24 

UNK 

NA 

1 y/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

12 

Cote 

d'Ivoire/ 

Tengrela 

Feb 24 

UNK 

NA 

19y/F 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

13 

Cote 

d'Ivoire/ 

Tengrela 

Feb 24 

UNK 

NA 

3 y/M 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 

14 

Cote 

d'Ivoire/ 

Tengrela 

Feb 24 

UNK 

NA 

5 y/M 

CSF 

2a 

11 

11 

5 

2 

FI-1 

1 


*AII patients had meningitis except patients 2 and 3, who had bronchopneumonia and septicemia, and patient 4, who had arthritis. Sero, serotype; ST, 
sequence type, CC, clonal complex; VR, variable region; LINK, unknown; CSF, cerebrospinal fluid; AF, articular fluid; NA, nof applicable. 
tCountry/region where case was reported. 


gal, or Mali (Table). The 2 other cases 
were in a 4-month-old infant whose 
father had returned from Senegal 2 
weeks before the onset of the disease 
and in a 5 -year-old child who had sev- 
eral family members who visited Mali 
regularly, although no recent travel 
was documented. The delay between 
the return to France and the onset of 
the disease was <5 days except for 1 
patient (17 days). 

N. meningitidis isolates were re- 
covered from blood, cerebrospinal flu- 
id, or articular fluid from all 6 patients 
in France (Table). Two patients had 
septicemia after bronchopneumonia, 
but no respiratory samples were avail- 
able. One patient had arthritis that 


was also described in his sister, but no 
samples were available from the sis- 
ter. Extrameningeal forms of illness 
caused by W135/ST11 isolates have 
been described (6). For the patients in 
Cote d’Ivoire, bacteria were isolated 
from cerebrospinal fluid during weeks 
5-8 in 2012; the patients lived in 3 
districts of the country (Kouto, Ko- 
rhogo, and Tengrela). Mean age was 
20.9 years (range 0.33-62) for the pa- 
tients in France and 16.25 years (range 
1-65) for those in Cote d’Ivoire. 

Molecular typing was performed 
by multilocus sequence typing 
(MLST) using the PubMLST data- 
base (http://pubmlst.org/neisseria); 
typing included the 7 usual genes of 


MLST, For A variable regions 1 and 
2, and penA and fetA genes. Results 
were obtained by using cultured 
bacteria for all but 1 case in France. 
All isolates from France and Cote 
d’Ivoire shared the same tested mark- 
ers. Eight other cases of infection 
with serogroup W135 were found in 
France during the same period, but 
the patients had no travel history, and 
all isolates showed different markers 
(M.-K. Taha, unpub. data). 

Serogroup W135 strains are wide- 
ly distributed worldwide; the emer- 
gence of these strains during the 2000s 
corresponded to a clonal expansion of 
1 clone within the ST 11 complex (7). 
The subsequent decline of W1 3 5/ST 11 
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strains was associated with increased 
isolate diversification (5), which sug- 
gests a selective restriction of the dom- 
inant circulating strain (2). In France, 
the W1 3 5/ST 11 strain was rare after 
2005; no cases were culture confirmed 
in 2010, and the 2 cases that were con- 
firmed in 2011 showed the FetA2-19 
marker. However, isolates from Africa 
during 2000-2011 frequenfly showed 
the FetAl marker; in sub-Saharan Af- 
rica, the decline ofW135/STll isolates 
was also associated with isolates show- 
ing diversified FefA markers (M.-K. 
Taha, unpub. dafa). The reemergence in 
2012ofW135/STll sfrains fhaf had the 
FetAl -1 marker suggests an antigenic 
shift that may have involved membrane 
proteins other than FetA or other sur- 
face structures, such as the lipooligo- 
sasccharide. Such antigenic shifts were 
associated with increased incidence of 
serogroup C and serogroup Y meningo- 
coccal disease in the United States (9). 
Antigenic shift could be a marker of 
changes in virulence and transmission 
of meningococcal isolates. Extensive 
molecular typing of meningococcal 
isolates is more likely to detect antigen- 
ic shifts and escape variants that may 
undergo clonal expansion and therefore 
should be employed in outbreak inves- 
tigations. Enhanced surveillance was 
setup in France to identify imported 
W135 cases. 

Our findings indicate that travel- 
ers to the meningitis belt of sub-Sa- 
haran Africa may be at risk for infec- 
tion with N. meningitidis of serogroup 
W135. A vaccination campaign using 
the meningococcal A conjugate vac- 
cine is ongoing in this region {10), 
but a conjugate bivalent vaccine that 
includes W135 should also be consid- 
ered. Vaccination of travelers to this 
region with quadrivalent meningococ- 
cal vaccine should be recommended. 

Information regarding the patients and 
their contacts were provided by the clini- 
cians, the French Institute for Public Health 
Surveillance (wwwinvs.sante.fr), and the 
Regional Health Agencies of Pays-de- 


Loire, Rhone-Alpes and Ile-de-France. In 
Cote d’Ivoire, the work was supported by 
the Agence Medecine Preventive and the 
mobile laboratory; patient information was 
provided by clinicians at health districts 
and the National Institute of Public Health. 
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Clostridium difficile 
Infection Associated 
with Pig Farms 

To the Editor: Clostridium diffi- 
cile ofPCRribotype 078 causes enteric 
disease in humans and pigs (1,2); a re- 
cent pan-European study revealed that 
this type was the third most frequently 
found type of C. difficile (7). The find- 
ing of identical C. difficile PCR ribo- 
type 078 isolates in piglets with diar- 
rhea and in humans with C. difficile 
infection (GDI) led to the suggestion 
that interspecies transmission might 
occur {3,4). Because C. difficile can be 
detected in the immediate environment 
of pig farms, we investigated intestinal 
colonization with C. difficile in pigs 
and in pig farmers, their relatives, and 
their employees in the Netherlands. 
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Persons living on 32 pig farms 
were enrolled as part of a longitudi- 
nal intervention study of several zoo- 
notic agents. Pig farmers were partly 
recruited through the Dutch Farmer’s 
Association or by veterinarians, who 
informed potential participants about 
the aims of the study. Inclusion criteria 
for participants were that they should 
work and/or live on the farm; the farms 
were either closed farms or multipliers 
(farms at which piglets are bred and 
then sold to other farms, where they 
are raised until ready for slaughter). 
The number of persons willing to sub- 
mit a fecal sample per farm ranged 
from 1 to 10 (mean 4, median 5). Vet- 
erinarians who normally provided vet- 
erinary services to each farm collected 
fresh fecal samples from the floors of 
10 animal wards per farm. No a priori 
knowledge of C. difficile colonization 
status of the pigs on the farms was 
available. Fecal samples from humans 
and from animal wards were cultured 
for the presence of toxinogenic C. dif- 
ficile by using previously described 
methods (1,3,4). 

Of the 128 persons who enrolled 
in the study, 48 had daily contact with 
pigs, 22 had weekly contact with pigs, 
and 3 6 had contact with pigs varying 
from monthly to less than yearly; 
no contact information was avail- 
able for 22 participants. A total of 12 
(25%) of 48 persons who had daily 
contact with pigs had fecal samples 
positive for C. difficile colonization; 
for persons who had weekly contact 
with pigs, 3 (14%) of 22 had posi- 
tive samples. Daily to weekly contact 
with pigs versus monthly to less than 
yearly contact was significantly as- 
sociated with an intestinal presence 
of C. difficile (p = 0.003). C. difficile 
was also found in fecal samples from 
3 persons for whom no contact infor- 
mation was available. The C. difficile 
carriage rate among those with daily 
to weekly contact with pigs (15/70, 
21%) was higher than the carriage 
rate of <5% reported for nonhospital- 
ized adults with CDI (5). 


A total of 18 C. (i;j//?c;7e-positive 
human samples were detected at 16 
of 32 pig farms investigated. At 2 of 
these farms, only 1 person submitted a 
sample, but at the other 14 farms, the 
number of participants ranged from 2 
to 9 (mean 4, median 3). C. difficile 
was found in pig manure at all farms; 
10%-80% of the wards were positive 
per farm. 

Corresponding C. difficile PCR 
ribotypes were cultured from samples 
from pigs and humans; type 078 was 
found in humans and pigs on 1 5 farms 
and type 045 in a farmer and his pigs 
on 1 farm. Multilocus variable number 
tandem repeat analysis (MLVA) and 
antimicrobial drug susceptibility test- 
ing (E-test) were performed on human 
isolates from 15 farms and 1 porcine 
isolate per farm. One human isolate 
could not be typed because the isolate 
was lost during laboratory activities. 

MLVA results showed that, at 2 
farms, the human and porcine isolates 
were not genetically related, whereas 
at the other 1 3 farms, human and por- 
cine isolates were genetically related, 
including 100% identical MLVA re- 
sults for type 078 human and porcine 
isolates at 3 farms. Isolates were con- 
sidered genetically related when the 
summed tandem repeat differences 
were <10 (3,4,6). 

Antimicrobial drug susceptibil- 
ity testing demonstrated similar sus- 
ceptibility levels among isolates. For 
human and porcine isolates from 9 of 
15 farms, MIC variability of <1 |ig/L 
was found for imipenem, cotrimoxa- 
zole, erythromycin, clindamycin, tet- 
racycline, and moxifloxacin. For the 
remaining 6 farms, drug susceptibility 
patterns for human isolates differed 
from pig isolates for 1 drug only: for 1 
farm, MICs of erythromycin were 256 
|ig/L for human isolates and 0.38 pg/L 
for pig isolates; for 3 farms, MICs of 
erythromycin were 256 pg/L for pig 
isolates and 0.25 pg/L for human iso- 
lates; and for 2 farms, MICs of imipe- 
nem were 32 pg/L for pig isolates and 
1.5 or 2 pg/L for human isolates. 


In summary, the high C. difficile 
carriage rate among persons who had 
direct contact with pigs and the fact 
that these C. difficile isolates were 
genotypically and phenotypically 
similar to the pig isolates from the 
same farms indicates that transmis- 
sion occurs either by direct contact 
or through the environment. Prospec- 
tive studies are needed to determine 
the relationship between C. difficile 
carriage and development of CDI in 
this population. 
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ed by ZonMW, the Netherlands organiza- 
tion for health research and development. 
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Prolonged 
Incubation Period 
for Cryptococcus 
gattii Infection 
in Cat, Aiaska, USA 

To the Editor: We report a case 
of Cryptococcus gattii infection in 
a 12-year-old neutered male cat in 
Alaska. The cat traveled to Anchor- 
age, Alaska (61°N) from San Diego 
County, California, with its owner in 
August 2003. Although C. gattii has 
not been detected in Alaska (where 
only extremely limited sampling has 
occurred) or above 49°N (i.e., Van- 
couver Island, British Columbia), the 
case suggests that the incubation pe- 
riod for C. gattii could be >8 years. 

In September 2010, the cat was 
brought to a veterinary clinic in An- 
chorage because of facial pruritis and 
excoriation. The cat did not respond 
to treatment with methylprednisolone 
acetate and was referred to a veteri- 
nary dermatologist in October. At that 
time, alopecia, thick scaling, and ex- 
coriations were observed on ear mar- 
gins, sides of the head, and between 
the eyes. The hair coat was sparse, and 


there was minimal scaling near the 
tail and lower legs. All foot pads were 
excessively cross-hatched and scaly. 
Cytologic analysis of the skin on the 
head and piima showed neutrophils and 
cocci overgrowth. Skin scrapings were 
negative for mites. Cytologic analysis 
of the ears did not identify yeast bod- 
ies, parasites, or bacteria. A long-acting 
antimicrobial drug for treatment of skin 
infections (cefovecin) was given. 

Biopsy specimens were obtained 
from the head, ears, and paws, and 
analysis of these samples supported 
a diagnosis of mural folliculitis and 
mild plasma cell pododermatitis. 
Chest radiograph findings and results 
of routine blood analysis were not un- 
usual. Test results for feline leukemia 
virus and feline immunodeficiency vi- 
ms were negative. Prednisolone (1.8 
mg/kg/d) was given; the cat showed a 
good response and eventual resolution 
of scaling. Hair grew back but the ste- 
roid dose could not be reduced to <2.5 
mg/d because periodic increases were 
needed when symptoms flared. 

In November 2011, the cat was 
brought back to the veterinary clinic 
because of worsening of the skin con- 
dition even though the owner had in- 
creased the prednisolone dose to 7.5 
mg/d during the previous 3 weeks. 
The cat had also started shaking its 
head frequently and had a unilateral 
right nasal discharge. Major nasal dis- 
charge had not been a symptom pre- 
viously reported by the owner. Cyto- 
logic analysis of the discharge showed 
large yeast bodies consistent with a 
Cryptococcus sp. interspersed among 
neutrophils, cocci, and rods. 

The cat was treated with flucon- 
azole, and prednisolone was slowly 
decreased to minimal doses to control 
the mural folliculitis. After consulta- 
tion with the Alaska Office of the State 
Veterinarian and Division of Public 
Health, a nasal swab specimen was 
sent to the Centers for Disease Con- 
trol and Prevention (CDC) (Atlanta, 
GA, USA) for confirmation and mo- 
lecular typing. Since 2009, Alaska has 


participated in the CDC-led Pacific 
Northwest C. gattii working group, 
which has been interested in enhanced 
surveillance for C. gattii {1,2). CDC 
identified the isolate as C. gattii mo- 
lecular type VGIII; this type is com- 
monly reported in the southern United 
States, particularly California (5). 

Given what is known about the 
potential for dispersal of C. gattii {4), 
the owner was extensively interviewed 
about travel history ofthe cat and house- 
hold members, and any travelers to or 
visitors from California who may have 
brought items into the house. The cat 
was rescued as a stray at =1 year of age 
in California, and after traveling to An- 
chorage had lived as an indoor/outdoor 
cat without further travel. The family 
had not transported or received organic 
materials from California, except for 
an elongated (=45 cm) seedpod. All 
plants and pohing soil had been bought 
locally from national chain vendors. 
In May 2012, fifteen environmental 
samples, including soil from the yard, 
commercial pohing soil, and a planter 
made from the seedpod brought from 
California, were taken from the home 
of the cat; all showed negative results 
for C. gattii when tested at CDC. 

In humans, the average incuba- 
tion period for C. gattii infection is 6 
weeks-13 months (5-7). Therefore, 
case-patients are usually asked to re- 
call potential exposures during the 13 
months before symptom onset (5). Al- 
though most reported cases of C. gattii 
infection appear to be primary infec- 
tions, infrequent reports of C. gattii in- 
fections in immunocompetent persons 
have described symptoms occurring 
several years after likely exposure, 
which suggests that C. gattii may have a 
greater capacity to remain dormant than 
believed {8-10). Incubation periods are 
not well described for animals but are 
generally reported as 2-1 1 months (R. 
Wohrle, pers. comm.). For either animal 
or human case-patients living in dis- 
ease-endemic areas, precise incubation 
periods are likely incalculable because 
potential exposure to fungi is ongoing. 
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We suspect that C. gattii infec- 
tion in this cat resulted from a distant 
exposure in California. Although the 
cat left California >8 years ago, it re- 
cently became immunosuppressed by 
medication that may have altered host 
factors, thus enabling latent fungi to 
clinically manifest. Results of limited 
environmental sampling in Alaska 
were negative. However, the molecu- 
lar subtype supports California as a 
source, although the possibility that 
something or someone from Califor- 
nia could have acted as a fomite could 
not be ruled out. Reactivation of a pre- 
vious infection could also not be ruled 
out because the cat was a stray for the 
first year of its life. 
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James Barsness (b. 1954) My Valley (2003-2005) (Detail) Acrylic, ink on paper mounted on canvas (125.7 cm x 171.5 cm) Copyright 
courtesy of the artist and George Adams Gaiiery, New York 


More Is More 

Polyxeni Potter 


4 4 I,'' or certain more curious and disenchanted spirits, the 
J. pleasure of ugliness comes from an even more mys- 
terious sentiment, which is a thirst for the unknown and 
a taste for the horrible,” wrote Charles Baudelaire. “It is 
this sentiment, the germ of which all of us carry inside to a 
greater or lesser degree, that drives certain poets into clinics 
and anatomy theaters, and women to public executions.” 
This taste for “ugliness” seems to also drive Jim Bars- 
ness’ exploits into the absurd and horrific, the landscape of 
nightmares rife with physical and moral decay. Taken to 
excess on the artistic canvas, ugliness and the absurd have 
been characterized as maximalism, a modern movement in 
literature and the arts that celebrates richness, decoration, 
sensuality, luxury, and fantasy. A genre that thrives on re- 
dundancy and overt accumulation, maximalism emphasizes 
a creative process or art-making that is also laborious and 
cumulative. “I use paper mounted on canvas because I like 
that sense of it being really hard to get the image ground 
down through all the layers of stuff. It becomes indelible.” 
“The first time I did anything in art that had any pro- 
found consequences was to Draw Winky.” That was in 
sixth grade at a cartoon drawing contest. Sponsored by the 
Famous Artists Institute in Minneapolis, the contest was ad- 
vertised on matchbook covers and comic books and invited 
children to draw a lumberjack or a baby deer. The drawing 
won Barsness a scholarship at the Institute’s correspon- 
dence school. Flis roots in colloquial drawing, doodling, 
and pop culture remain strong in many of his pieces, where 
comic strips provide the background for figures, showing 
his penchanf for poking fun af sacred cows in society and in 
art. “My art partly has to do with my crackpot ideas about 
life and living.” These ideas lay out aspects of human be- 
havior in mocking and irreverent scenes often filled with 
beastly or hybrid characters. “I try to hold myself to certain 

Author affiliation: Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA 
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big ideas, but if something wants to go in another direction, 
I tend to let it go that way.” 

“My most recent work is about finding, or knowing, my 
place,” the place where “we all belong” or fit in, where we 
know the rules, Barsness says. This all-important “place” is 
in various locations: the West, Bozeman, Montana, where 
he was born; Idaho and California, where he grew up and 
was educated; Athens, Georgia, where he lives and teaches 
art; Cortona, Italy, where he visits and works. Search for 
this metaphorical place also featured in Barsness’ decision 
to become an artist instead of following his other inclina- 
tion, writing or storytelling. “It was a tossup. I wanted to be 
both.” Now “I can’t describe my drawings like stories. I start 
and try, but I can’t finish.” “I’m foo distractible for fhe kind 
of complete narrative storytelling of, say, a novelist.” “And 
that’s the whole idea because I want people to supply the 
stories.” It is about story evoking rather than story telling. 

“I’m interested in how groups of people interact in a 
continuous environment like a town,” Barsness explained 
in Monster’s Progress, a collection of his works. “It’s pri- 
marily about suppression of our natural interests for the 
good of the whole. I think it’s that moment of suppres- 
sion that initiates much of our creative energy.” In explor- 
ing social interactions, Barsness is guided by psychology 
and mythology to create narratives with many layers and 
ramifications. Fie draws from eastern and western artistic 
traditions and taps multiple sources, from comic strips and 
fairy tales to Mughal miniature painting, from graffiti and 
medieval illuminated manuscripts to Tibetan sacred paint- 
ing, from Pieter Bruegel the Elder and Flieronymus Bosch 
folk iconography to pop art. The result is humanity in a 
labyrinth of situations, puzzling, revealing, shocking. 

“Ask a toad what beauty is, true beauty. ... Fie will tell 
you that it consists of his mate, with her two fine round eyes 
protruding from her small head, her broad flat throat, her 
yellow belly, and brown back,” writes Umberto Eco in his 
book On Ugliness. The beholder or the situation, he argues, 
is judge. Situational ugliness is quite common. Along the 
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same lines, imagine being in a familiar room, with a niee 
lamp sitting on the table. Suddenly the lamp floats upwards 
in midair. Though the room and the lamp are still the same, 
the situation has beeome unusual, disturbing. Something is 
wrong. This notion of the uneanny (the strange, the unset- 
tling or sinister) is how Barsness ereates the eontext for his 
ideas in My Valley, on this month’s eover. 

“My Valley was inspired by my experienee of growing 
up in suburbia, specifleally Boise, where the new subdi- 
visions are at the foot of the mountains, built right at the 
edge of a massive area of what’s left of wild Ameriea. But 
as 1 remember, there was absolutely nothing going on dur- 
ing the day in the suburbs. It was like a ghost town. There 
seemed to be nothing and nobody around.” Barsness eap- 
tures the nothing and nobody in empty streets, ending in 
eartoonish eul-de-sacs and eookie eutter houses on their 
green lawns in the piedmont. This idyllie eommunity, set 
against a stylized mountain range, casts colorful homes in 
suburban congeniality. Yet something is amiss. The inhab- 
itants of the foothills are nowhere to be seen. The bland 
pleasantness of the homes and the monotony of space with 
its peculiar ambivalence All the viewer with uneasiness. 

Inside the painting’s intricate border, there is an eerie 
quiet. Uniformly shaded shutterless windows obscure the 
home interiors, but it is clear that no one is there, and this 
certainty adds a haunted quality to the scene. No children’s 
toys litter lane or lawn, and there are no vehicles. No neigh- 
bor looks over the fence nor old person peeks from behind 
a curtain. No dog or cat or squirrel in sight. An abandoned 
development or simply a bedroom community, this town 
is vacant. A seeming lack of substance gives the image its 
dramatic force. 

Conversion of wilderness areas to agricultural or other 
commercially viable lands (housing, dams, mining) as a re- 
sult of global socioeconomic and environmental changes in 
recent years adds a new angle to Barsness’ psychological 
profile of suburbia. Despife the periodic calm and empti- 
ness, much is actually happening in the periphery of those 
seemingly vacant enclaves in the foothills: expanded de- 
mand for natural resources, deforestation, ecosystem dis- 
ruptions, demographic pressures, increased urbanization, 
intensified crop and animal production, population move- 
ments. Expanding markets and farms bring diverse species 
together, facilitating exchange of microbes. The uncanny, 
so effectively captured in Barsness’ painting, becomes even 
more disquieting seen within a global context. Like the art- 
ist’s more traditional maximalist creations, this community 
on the edge of the wilderness is part of modem life’s com- 
plexity and intrigue. 

As people move out of metropolitan areas unwit- 
tingly encroaching on the wilderness, they are exposed 
to and come in contact with wildlife. Animals move into 
human neighborhoods or are brought in through wildlife 


trade. And this neighborliness back and forth is not without 
consequences. Humans are exposed to wildlife microbes, 
which sometimes make the leap from animal to human 
hosts. The role of bats and civet cats in SARS, wild wa- 
terfowl in avian influenza A(H5N1), and infected birds in 
West Nile vims infection points to community-wildlife in- 
teraction as an effective conduit for zoonotic microbes to 
enter new niches. 

In My Valley as in many other works, Barsness includes 
elements for which he offers no explanation. “I like obses- 
sive detail.... I come from the direction that everything is 
significant. You have to pretend that nothing matters while 
proceeding as if everything matters.” Fine, draft-like lines 
and arrows throughout the painting outline some subliminal 
complexity. These linear parameters, dotted and stamped 
in fine print and discreetly crisscrossing the canvas, invite 
metaphorical interpretation. Health emergencies in the past 
50 years, among them flu pandemics, anthrax attacks, and 
a SARS outbreak, have prompted planning and emergency 
response efforts within the global public health community, 
a seamless underlying safety network against future crises. 

In art, the tension generated by expansive inclusion of 
elements, the absurd and even ugliness and the uncanny, 
promotes understanding that may otherwise be lost. Like- 
wise in public health, where an endless supply of unseen 
creatures, as monstrous and horrific as any found in sci- 
ence Action, the art of Hieronymus Bosch, or Jim Barsness’ 
imagination, await the opportunity to wreak havoc. Exten- 
sive, even obsessive, public health planning is required. 
“More is more” takes on a new meaning as the wild, the 
repugnant, and the horrific, meet the banal and the fortu- 
itous in nature. 
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Earning CME Credit 

To obtain credit, you shouid first read the journai articie. After reading the articie, you shouid be abie to answer the foiiowing, re- 
iated, muitipie-choice questions. To compiete the questions (with a minimum 70% passing score) and earn continuing medicai education 
(CME) credit, piease go to www.medscape.org/journal/eid. Credit cannot be obtained for tests compieted on paper, aithough you may 
use the worksheet beiow to keep a record of your answers. You must be a registered user on Medscape.org. If you are not registered on 
Medscape.org, piease dick on the New Users: Free Registration iink on the ieft hand side of the website to register. Oniy one answer is 
correct for each question. Once you successfuiiy answer aii post-test questions you wiii be abie to view and/or print your certificate. For 
questions regarding the content of this activity, contact the accredited provider, CME@medscape.net. For technicai assistance, contact 
CME@webmd.net. American Medicai Association’s Physician’s Recognition Award (AMAPRA) credits are accepted in the US as evidence 
of participation in CME activities. For further information on this award, piease refer to http://www.ama-assn.org/ama/pub/category/2922. 
htmi. The AMA has determined that physicians not iicensed in the US who participate in this CME activity are eiigibie for AMA PRA Cat- 
egory 1 Credits™. Through agreements that the AMA has made with agencies in some countries, AMA PRA credit may be acceptabie as 
evidence of participation in CME activities, if you are not iicensed in the US, piease compiete the questions oniine, print the certificate and 
present it to your nationai medicai association for review. 


Article Title 

Iatrogenic Blood-borne Viral Infections in 
Refugee Children from War and Transition Zones 

CME Questions 


1. You are a public health consultant to a clinic for 
refugee children from central Asia, Southeast Asia, 
and Sub-Saharan Africa. Based on the review by Dr. 
Goldwater, which of the following statements about 
observations regarding and factors contributing to 
iatrogenically transmitted blood-borne virus (BBV) 
infection is most likely to appear in your report? 

A. There is extensive literature documenting and 

characterizing iatrogenic transmission of BBV infection 
B Several good studies have proven that refugees are 
at greater risk of BBV infection than others living in 
conflict zones 

C In iatrogenic cases, vertical transmission of BBV was 
ruled out by the mothers’ negative serostatus and no 
history of surrogate breastfeeding or sexual abuse 
D Virus co-infection was not reported in the 4 cases of 
presumptive iatrogenic BBV infection described by the 
authors 

2. Based on the review by Dr. Goldwater, which of the 
following statements about the role of contaminated 
injections and unsafe blood transfusions in 
contributing to increased prevalence of BBVs in 
refugee children is most likely correct? 

A. According to the World Health Organization (WHO), 
about 5% of injections given in Sub-Saharan Africa in 
2000 were administered unsafely 


B Widespread screening of blood transfusions in 

developing countries has prevented HCV transmission 
by this route 

C. HIV transmission to babies and children through 
unscreened blood transfusion has not been reported 
in Kazakhstan 

D. Central Asia’s geographic position along major 
drug trafficking routes has led to rapidly increasing 
intravenous drug use and corruption of the blood 
supply 

3. Based on the review by Dr. Goldwater, which of the 
following statements about other factors contributing 
to increased prevalence of BBVs among refugee 
children from central Asia, Southeast Asia, and Sub- 
Saharan Africa would most likely be correct? 

A. Political collapse and civil war do not play a significant 
role in fostering iatrogenically transmitted BBV 
infection 

B. HIV positivity in children of HIV-negative mothers is 
not linked to breastfeeding practices 

C Modes of transmission in HIV-infected African children 
with HIV-uninfected mothers are well documented 
D. Wartime rates of rape and sexual violence are much 
higher than those in peacetime, and prostitution 
among refugee children also fosters HIV transmission 


Activity Evaiuation 


The activity supported the learning objectives. 

Strongly Disagree 

1 2 3 

4 

Strongly Agree 
5 

The material was organized clearly for learning to occur. 

Strongly Disagree 

1 2 3 

4 

Strongly Agree 
5 

The content learned from this activity will impact my practice. 

Strongly Disagree 

1 2 3 

4 

Strongly Agree 
5 

The activity was presented objectively and free of commercial bias. 

Strongly Disagree 

1 2 3 

4 

Strongly Agree 
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Article Title 

Foodborne Botulism in Canada, 1985-2005 

CME Questions 


1. You are an infectious disease consuitant to a pubiic 
heaith department in Canada regarding the iikeiihood 
of botuiism outbreaks. Based on the iaboratory 
database study by Dr. Leciair and coiieagues, which 
of the foiiowing statements about the incidence of 
iaboratory-confirmed outbreaks of foodborne botuiism 
occurring between 1985 and 2005 in Canada is most 
iikeiy to appear in your report? 

A. There were 91 laboratory-confirmed outbreaks of 
foodborne botulism, involving 205 cases 
B The annual rate of confirmed outbreaks throughout 
Canada was significantly lower than that reported for 
1971-1984 

C. About half of the outbreaks occurred in native 
communities 

D. Outbreaks are less likely among the Nunavut than in 
Canada as a whole 

2. Based on the laboratory database study by Dr. 
Leciair and colleagues, which of the following 
statements about pathogens and sources of 
laboratory-confirmed outbreaks of foodborne botulism 
occurring between 1985 and 2005 in Canada is most 
likely to appear in your report? 


A. Clostridium botulinum type B was the most common 
pathogen 

B. Commercial ready-to-eat meat products were the 
most common source 

C. None of the outbreaks involved food served in 
restaurants 

D. Continuous consumer education is needed on the 
potential risks of botulism from home-prepared foods, 
use of a pressure canner, and proper food storage 
temperatures 

3. Based on the laboratory database study by Dr. 

Leciair and colleagues, which of the following 

statements about outcomes of laboratory-confirmed 

outbreaks of foodborne botulism occurring between 

1985 and 2005 in Canada would most likely be correct? 

A. No change in case identification from the period 
before 1985 resulted in no change in the case fatality 
rate 

B. Of the 205 reported cases, 11 died 

C. Of 3 cases in pregnant women, 1 resulted in stillbirth 

D. Antitoxin administration was not associated with 
reduction in hospital length of stay in type E cases 


Activity Evaiuation 


The activity supported the learning objectives. 

Strongly Disagree 

1 2 3 
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Strongly Agree 
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The material was organized cieariy for learning to occur. 

Strongly Disagree 

1 2 3 
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Strongly Agree 
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The content learned from this activity will impact my practice. 

Strongly Disagree 

1 2 3 
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Strongly Agree 
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The activity was presented objectively and free of commercial bias. 

Strongly Disagree 

1 2 3 
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Strongly Agree 
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Emerging Infectious Diseases is a peer-reviewed journal established expressly to promote the recognition of new and 
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination. 

The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in 
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all 
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles, see below and 
visit http://wwwnc.cdc.gov/eid/pages/author-resource-center.htm. 

Emerging Infectious Diseases is published in English. To expedite publication, we post some articles online ahead of print. Partial translations of the 
journal are available in Japanese (print only), Chinese, French, and Spanish (http://wwwnc.cdc.gov/eid/pages/translations.htm). 


Instructions to Authors 

Manuscript Submission. To submit a manuscript, access Manuscript Central from 
the Emerging Infectious Diseases web page (www.cdc.gov/eid). Include a cover letter 
indicating the proposed category of the article (e.g., Research, Dispatch), verifying the 
word and reference counts, and confirming that the final manuscript has been seen and 
approved by all authors. Complete provided Authors Checklist. 

Manuscript Preparation. For word processing, use MS Word. List the following infor- 
mation in this order: title page, article summary line, keywords, abstract, text, acknowledg- 
ments, biographical sketch, references, tables, and figure legends. Appendix materials and 
figures should be in separate files. 

Title Page. Give complete information about each author (i.e., full name, graduate 
degree(s), affiliation, and the name of the institution in which the work was done). Clearly 
identify the corresponding author and provide that author's mailing address (include 
phone number, fax number, and email address). Include separate word counts for ab- 
stract and text. 

Keywords. Use terms as listed in the National Library of Medicine Medical 
Subject Headings index (www.ncbi.nlm.nih.gov/mesh). 

Text. Double-space everything, including the title page, abstract, references, tables, 
and figure legends. Indent paragraphs; leave no extra space between paragraphs. After 
a period, leave only one space before beginning the next sentence. Use 12-point Times 
New Roman font and format with ragged right margins (left align). Italicize (rather than 
underline) scientific names when needed. 

Biographical Sketch. Include a short biographical sketch of the first author — both 
authors if only two. Include affiliations and the author's primary research interests. 

References. Follow Uniform Requirements (www.icmje.org/index.html). Do not use 
endnotes for references. Place reference numbers in parentheses, not superscripts. 
Number citations in order of appearance (including in text, figures, and tables). Cite per- 
sonal communications, unpublished data, and manuscripts in preparation or submitted for 
publication in parentheses in text. Consult List of Journals Indexed in Index Medicus for 
accepted journal abbreviations; if a journal is not listed, spell out the journal title. List the 
first six authors followed by “et al.” Do not cite references in the abstract. 

Tables. Provide tables within the manuscript fiie, not as separate files. Use the MS 
Word table tool, no columns, tabs, spaces, or other programs. Footnote any use of bold- 
face. Tables should be no wider than 1 7 cm. Condense or divide larger tables. Extensive 
tables may be made available online only. 

Figures. Submit figures in black and white. If you wish to have color figures online, 
submit both in black and white and in color with corresponding legends. Submit edit- 
able figures as separate files (e.g., Microsoft Excel, PowerPoint). Photographs should 
be submitted as high-resolution (600 dpi) .jpeg or .tif files. Do not embed figures in the 
manuscript file. Use Arial 10 pt. or 12 pt. font for lettering so that figures, symbols, letter- 
ing, and numbering can remain iegible when reduced to print size. Place figure keys within 
the figure. Figure legends should be placed at the end of the manuscript file. 

Videos. Submit as AVI, MOV, MPG, MPEG, or WMV. Videos should not exceed 5 
minutes and should include an audio description and complete captioning. If audio is 
not available, provide a description of the action in the video as a separate Word file. 
Published or copyrighted material (e.g., music) is discouraged and must be accompanied 
by written release, if video is part of a manuscript, files must be uploaded with manu- 
script submission. When uploading, choose “Video” file. Include a brief video legend in 
the manuscript file. 

Types of Articles 

Perspectives. Articles should not exceed 3,500 words and 40 references. Use of 
subheadings in the main body of the text is recommended. Photographs and illustra- 
tions are encouraged. Provide a short abstract (150 words), 1 -sentence summary, and 
biographicai sketch. Articles should provide insightful analysis and commentary about 
new and reemerging infectious diseases and related issues. Perspectives may address 
factors known to influence the emergence of diseases, including microbial adaptation and 
change, human demographics and behavior, technology and industry, economic devel- 
opment and land use, international travel and commerce, and the breakdown of public 
health measures. 


Synopses. Articles should not exceed 3,500 words and 40 references. Use of sub- 
headings in the main body of the text is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (1 50 words), 1 -sentence summary, and biographical 
sketch. This section comprises concise reviews of infectious diseases or closeiy related 
topics. Preference is given to reviews of new and emerging diseases; however, timely 
updates of other diseases or topics are also welcome. 

Research. Articles should not exceed 3,500 words and 40 references. Use of sub- 
headings in the main body of the text is recommended. Photographs and illustrations are 
encouraged. Provide a short abstract (1 50 words), 1 -sentence summary, and biographical 
sketch. Report laboratory and epidemiologic results within a public health perspective. 
Explain the value of the research in public health terms and place the findings in a larger 
perspective (i.e., “Here is what we found, and here is what the findings mean”). 

Policy and Historical Reviews. Articles should not exceed 3,500 words and 40 refer- 
ences. Use of subheadings in the main body of the text is recommended. Photographs 
and illustrations are encouraged. Provide a short abstract (150 words), 1-sentence sum- 
mary, and biographical sketch. Articles in this section include public health policy or his- 
torical reports that are based on research and analysis of emerging disease issues. 

Dispatches. Articles should be no more than 1,200 words and need not be divided 
into sections. If subheadings are used, they should be general, e.g., “The Study” and 
“Conclusions.” Provide a brief abstract (50 words); references (not to exceed 15); figures 
or illustrations (not to exceed 2); tables (not to exceed 2); and biographical sketch. Dis- 
patches are updates on infectious disease trends and research that include descriptions 
of new methods for detecting, characterizing, or subtyping new or reemerging pathogens. 
Developments in antimicrobial drugs, vaccines, or infectious disease prevention or elimi- 
nation programs are appropriate. Case reports are also welcome. 

Another Dimension. Thoughtful essays, short stories, or poems on philosophical is- 
sues related to science, medical practice, and human health. Topics may include science 
and the human condition, the unanticipated side of epidemic investigations, or how people 
perceive and cope with infection and illness. This section is intended to evoke compassion 
for human suffering and to expand the science reader’s literary scope. Manuscripts are 
selected for publication as much for their content (the experiences they describe) as for 
their literary merit. Include biographical sketch. 

Letters. Letters commenting on recent articles as well as letters reporting cases, out- 
breaks, or original research, are welcome. Letters commenting on articles should contain 
no more than 300 words and 5 references: they are more likely to be published if submit- 
ted within 4 weeks of the original article’s publication. Letters reporting cases, outbreaks, or 
original research should contain no more than 800 words and 10 references. They may have 
1 figure or table and should not be divided into sections. No biographical sketch is needed. 

Commentaries. Thoughtful discussions (500-1,000 words) of current topics. 
Commentaries may contain references but no abstract, figures, or tables. Include bio- 
graphical sketch. 

Books, Other Media. Reviews (250-500 words) of new books or other media on 
emerging disease issues are welcome. Title, author(s), publisher, number of pages, and 
other pertinent details should be included. 

Conference Summaries. Summaries of emerging infectious disease conference ac- 
tivities (500-1,000 words) are published online only. They should be submitted no later 
than 6 months after the conference and focus on content rather than process. Provide 
illustrations, references, and links to full reports of conference activities. 

Online Reports. Reports on consensus group meetings, workshops, and other activi- 
ties in which suggestions for diagnostic, treatment, or reporting methods related to infec- 
tious disease topics are formulated may be published online only. These should not exceed 
3,500 words and should be authored by the group. We do not publish official guidelines or 
policy recommendations. 

Photo Quiz. The photo quiz (1,200 words) highlights a person who made notable 
contributions to public health and medicine. Provide a photo of the subject, a brief clue 
to the person’s identity, and five possible answers, followed by an essay describing the 
person’s life and his or her significance to public health, science, and infectious disease. 

Etymologia. Etymologia (100 words, 5 references). We welcome thoroughly re- 
searched derivations of emerging disease terms. Historical and other context could be 
included. 

Announcements. We welcome brief announcements of timely events of interest to 
our readers. Announcements may be posted online only, depending on the event date. 
Email to eideditor@cdc.gov. 



